DEFENSE TECHNICAL INFORMATION CENTER 

8725 JOHN J. KINGMAN ROAD 
FORT BELVOIR, VIRGINIA 22060-6218 



refIrto: DTIC-R (FOIA 2018-62) 


Mr. Cory Newman 
MuckRock News 
DEPT MR 50429 
411A Highland Ave 
Somerville, MA 02144-2516 

Dear Mr. Newman: 


MAR I 4 2018 


This is in response to your letter dated March 11,2018, received in this office March 12,2018, 
requesting information under the Freedom of Information Act (FOIA) (enclosure 1). Under 
Department of Defense rules implementing the FOIA, published at 32 CFR 286, your request 
was categorized as “other.” 


Document AD0604915, entitled “Remarks on the design, conduct, and analysis of large air 
exercises” is approved for public release. We are undergoing a system conversion which is 
creating a delay in our ability to reproduce older documents. There is no projected completion 
date for the conversion process. Once the process is complete, document AD0604915 will be 
forwarded to you. 


To date, there are no assessable fees for services from DTIC. Please understand that other 
members of the public may submit a FOIA request for copies of FOIA requests received by this 
office, or the names of those who have submitted requests. Should such occur, your name and, if 
asked for, a copy of your request will be released; however, your home address and home 
telephone number will not be released. Other private citizens who have obtained your name by 
using such a request may contact you; however, correspondence from the DoD about your 
request will be on official letterhead. Please contact me at (703) 767-9204 if you have any 
questions. Thank you for your interest in obtaining information from DTIC. 


Enclosure 


Sincerely, 



MichaefHamilton 
FOIA Program Manager 



Crawford, Patricia A CIV DTIC RM (US) 


From: 

Sent: 

To: 

Subject: 


50433-86499106@requests.muckrock.com 
Sunday, March 11,2018 2:28 PM 
DTIC Ft Belvoir RM Mailbox FOIA 

[Non-DoD Source] Freedom of Information Request: copy of document titled "Remarks 
on the design, conduct, and analysis of large air exercises" 


All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the 
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser. 


Defense Technical Information Center 
FOIA Office 

8725 John J Kingman Road 
Fort Belvoir, VA 22060-6218 

March 11, 2018 

To Whom It May Concern: 

This is a request under the Freedom of Information Act (FOIA) 5 USC 552.1 hereby request the following records: PDF 
copy of document titled "Remarks on the design, conduct, and analysis of large air exercises" Dated May 16,1955. 

Accession Number AD0604915 

The requested documents will be made available to the general public, and this request is not being made for 
commercial purposes. This document is 22 pages long and therefore should be free under applicable FOIA regulations. 

In the event that there are fees, I would be grateful if you would inform me of the total charges in advance of fulfilling 
my request. I would prefer the request filled electronically, by e-mail attachment if available or CD-ROM if not. Please 
provide me with a FOIA control number so I can track this request. 

Thank you in advance for your anticipated cooperation in this matter. I look forward to receiving your response to this 
request within 20 business days, as the statute requires. 

Sincerely, 

Cory Newman 

Filed via MuckRock.com 

E-mail (Preferred): 50433-86499106@requests.muckrock.com 


l 





Upload documents directly: Caution-https://www.muckrock.com/accounts/agency_login/defense-technical- 
fnformation-center-113/copy-of-document-titled-rennarks-on-the-design-conduct-and-analysis-of-large-air-exercises- 
50433/?uuid-login=8c962531-93aa-4e4b-bf0e-920efd002c97&email=dtic.belvoir.rm.mbx.foia%40mail.mil#agency-reply 
Is this email coming to the wrong contact? Something else wrong? Use the above link to let us know. 

For mailed responses, please address (see note): 

MuckRock News 
DEPT MR 50433 
411A Highland Ave 
Somerville, MA 02144-2516 

PLEASE NOTE: This request is not filed by a MuckRock staff member, but is being sent through MuckRock by the above in 
order to better track, share, and manage public records requests. Also note that improperly addressed (i.e., with the 
requester's name rather than "MuckRock News" and the department number) requests might be returned as 
undeliverable. 

<Caution-http://email.requests.muckrock.com/o/eJwVjcsOgyAClAL-mHDfLS- 

HAoa39jkZgTTdKiKhNP796mstMJgdr08FBoXSopZROnQQJqLW3_fOuzcO- 

zDDcDDZaD9r2DcqR5lbTDKkW8QnoaewsEV2JmaxzWbnooOmYvJZeUBI5eXMOPdreKdFC3jlBpOVbuUErUOIPpsrjeblcKLz8 

AdrlLck> 
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DEFENSE TECHNICAL INFORMATION CENTER 

8725 JOHN J. KINGMAN ROAD 
FORT BELVOIR, VIRGINIA 22060-6218 



DTIC-R(FOIA 2018-63) 


MAR 1 4 2018 


Mr. Cory Newman 
MuckRock News 
DEPT MR 50429 
411A Highland Ave 
Somerville, MA 02144-2516 


Dear Mr. Newman: 

This is in response to your letter dated March 11,2018, received in this office March 12,2018, 
requesting information under the Freedom of Information Act (FOIA) (enclosure 1). Under 
Department of Defense rules implementing the FOIA, published at 32 CFR 286, your request 
was categorized as “other.” 


Document ADA951886, entitled “Administrative history of the Radio Research Laboratory” is 
approved for public release. We are undergoing a system conversion which is creating a delay in 
our ability to reproduce older documents. There is no projected completion date for the 
conversion process. Once the process is complete, document ADA951886 will be forwarded to 
you. 

To date, there are no assessable fees for services from DTIC. Please understand that other 
members of the public may submit a FOIA request For copies of FOIA requests received by this 
office, or the names of those who have submitted requests. Should such occur, your name and, if 
asked for, a copy of your request will be released; however, your home address and home 
telephone number will not be released. Other private citizens who have obtained your name by 
using such a request may contact you; however, correspondence from the DoD about your 
request will be on official letterhead. Please contact me at (703) 767-9204 if you have any 
questions. Thank you for your interest in obtaining information from DTIC. 


Enclosure 


Sincerely, 



FOIA Program Manager 



Crawford, Patricia A CIV DTIC RM (US) 


From: 

Sent: 

To: 

Subject: 


50432-64180153@requests.muckrock.com 
Sunday, March 11,2018 2:13 PM 
DTIC Ft Belvoir RM Mailbox FOIA 

[Non-DoD Source] Freedom of Information Request: Copy of document titled 
"Administrative history of the Radio Research Laboratory" 


All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the 
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser. 


Defense Technical Information Center 
FOIA Office 

8725 John J Kingman Road 
Fort Belvoir, VA 22060-6218 

March 11,2018 

To Whom It May Concern: 

This is a request under the Freedom of Information Act {FOIA} 5 USC 552.1 hereby request the following records: PDF 
Copy of document titled "Administrative history of the Radio Research Laboratory." 

Accession number ADA951886 dated March 21,1946 

The requested documents will be made available to the general public, and this request is not being made for 
commercial purposes. 

In the eventthat there are fees, I would be grateful if you would inform me of the total charges in advance of fulfilling 
my request. I would prefer the request filled electronically, by e-mail attachment if available or CD-ROM if not. Please 
provide me with a FOIA Control number so I can track this request. This document is 115 pages. 

Thank you in advance for your anticipated cooperation in this matter. I look forward to receiving your response to this 
request within 20 business days, as the statute requires. 

Sincerely, 

Cory Newman 

Filed via MuckRock.com 

E-mail (Preferred): 50432-64180153@requests.muckrock.com 

Upload documents directly: Caution-https://www.muckrock.com/accounts/agencyJogin/defense-technical- 

information-center-113/copy-of-document-titled-administrative-history-of-the-radio-research-laboratory-50432/?uuid- 

Iogin=0ac98ec7-b4f8-4fb7-8fe0-b97ebl907del&emaii=dtic.belvoir.rm.mbx.foia%40mail.mii#agency-reply 


l 





Is this email coming to the wrong contact? Something else wrong? Use the above link to let us know. 

For mailed responses, please address (see note): 

MuckRock News 
DEPT MR 50432 
411A Highland Ave 
Somerville, MA 02144-2516 

PLEASE NOTE: This request is not filed by a MuckRock staff member, but is being sent through MuckRock by the above in 
order to better track, share, and manage public records requests. Also note that improperly addressed (i.e., with the 
requester's name rather than "MuckRock News" and the department number) requests might be returned as 
undeliverable. 

<Caution-http://email.requests.muckrock.corn/o/eJwVzUOKwyAQQOHT10XgaCbqwkVayDXK-BMqiUhNUnr8pru3- 

OAITzSK4pVEKzUiWIRaAsJD4jTSoOfRTHdn59sge36feT92qGdce4srxFbFy7tlNinFTIavwCWgYOKtwkDE2olcuWzPkryRZCyK7t 

NRIoS8fVrpOCvU8IWIFb4ufwulbD_TTy2q> 
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DEFENSE TECHNICAL INFORMATION CENTER 

8725 JOHN J. KINGMAN ROAD 
FORT BELVOIR, VIRGINIA 22060-6218 



refIrto. DTIC-R (FOIA 2018-66) 

HAH 1 A it 

Mr. Cory Newman 
MuckRock News 
DEPT MR 50429 
411A Highland Ave 
Somerville, MA 02144-2516 

Dear Mr. Newman: 


This is in response to your letter dated March 11,2018, received in this office March 12,2018, 
requesting information under the Freedom of Information Act (FOIA) (enclosure 1). Under 
Department of Defense rules implementing the FOIA, published at 32 CFR 286, your request 
was categorized as “other.” 


Document AD0057399, entitled “Test of ECM Techniques with the AN/ALT-1 Radio 
transmitter and the AAFCS M3 3 ’ is approved for public release. We are undergoing a system 
conversion which is creating a delay in our ability to reproduce older documents. There is no 
projected completion date for the conversion process. Once the process is complete, document 
AD0057399 will be forwarded to you. 


To date, there are no assessable fees for services from DTIC. Please understand that other 
members of the public may submit a FOIA request for copies of FOIA requests received by this 
office, or the names of those who have submitted requests. Should such occur, your name and, if 
asked for, a copy of your request will be released; however, your home address and home 
telephone number will not be released. Other private citizens who have obtained your name by 
using such a request may contact you; however, correspondence from the DoD about your 
request will be on official letterhead. Please contact me at (703) 767-9204 if you have any 
questions. Thank you for your interest in obtaining information from DTIC, 


Enclosure 


Sincerely, 



FOIA Program Manager 



Crawford, Patricia A CIV PTIC RM (US) 


From: 50429-42545062@requests.muckrock.com 

Sent: Sunday, March 11,2018 1:09 PM 

To: DTIC Ft Belvoir RM Mailbox FOIA 

Subject: [Non-DoD Source] Freedom of Information Request: Request for copy of document 

titled “Test of ECM Techniques with the AN/ALT-1 Radio transmitter and the AAFCS 
M33 


All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the 
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser. 


Defense Technical Information Center 
FOIA Office 

8725 John J Kingman Road 
Fort Belvoir, VA 22060-6218 

March 11, 2018 

To Whom It May Concern: 

This is a request under the Freedom of Information Act (FOIA) 5 USC 552.1 hereby request the following records: 

PDF copy of document titled "Test of ECM Techniques with the AN/ALT-1 Radio transmitter and the AAFCS M33" 
Accession AD0057399 Dated February 1955 

The requested documents will be made available to the general public, and this request is not being made for 
commercial purposes. This document is 21 pages long and should be free under applicable FOIA regulations. 

In the event that there are fees, I would be grateful if you would inform me of the total charges in advance of fulfilling 
my request. I would prefer the request filled electronically, by e-mail attachment if available or CD-ROM if not. 

Thank you in advance for your anticipated cooperation in this matter. I look forward to receiving your response to this 
request within 20 business days, as the statute requires. Please provide me with a FOIA control number so I can track 
this request. 

Sincerely, 

Cory Newman 

Filed via MuckRock.com 

E-mail (Preferred): 50429-42545062@requests.muckrock.com 
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Upload documents directly: Caution-https://www.muckrock.com/accounts/agency_login/defense-technical- 
information-center-113/request-for-copy-of-document-titled-test-of-ecm-techniques-with-the-analt-1-radio- 
transmitter-and-the-aafcs-m33-50429/?uuid-login=f0240086-fd39-4952-bcde- 
ff78ff2bl055&email=dtic.belvoir.rm.mbx.foia%40mail.mii#agency-reply 

Is this email coming to the wrong contact? Something else wrong? Use the above link to let us know. 

For mailed responses, please address (see note): 

MuckRock News 
DEPT MR 50429 
411A Highland Ave 
Somerville, MA 02144-2516 

PLEASE NOTE: This request is not filed by a MuckRock staff member, but Is being sent through MuckRock by the above in 
order to better track, share, and manage public records requests. Also note that improperly addressed (i.e., with the 
requester's name rather than "MuckRock News" and the department number) requests might be returned as 
undeliverable. 

<Caution-http://email.requests.muckrock.com/o/eJwVzUEOwiAQQNHTyHlyUwqUBQuM9hqGARqJJUTaGo9v3f- 

8n5xSWhQ3IE0oicjgNGog8HYeZn_zVxzk3av5MmLP7yNv-wbliK_e4gtiq- 

LpYmTMejkJsnbUxEkyh7CgtMSSSeQayvooyRIUxmjRXdpLBM7rp5UOvULILyythPPyb6GW9QcR3i5l> 
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DEFENSE TECHNICAL INFORMATION CENTER 

8725 JOHN J. KINGMAN ROAD 
FORT BELVOIR, VIRGINIA 22060-6218 



IN REPLY 
REFER TO: 


DTIC-R(FOIA 2018-67) 


W. 1 4 


Mr. Cory Newman 
MuckRock News 
DEPT MR 50429 
411A Highland Ave 
Somerville, MA 02144-2516 

Dear Mr. Newman: 

This is in response to your letter dated March 11, 2018, received in this office March 12,2018, 
requesting information under the Freedom of Information Act (FOIA) (enclosure 1). Under 
Department of Defense rules implementing the FOIA, published at 32 CFR 286, your request 
was categorized as “other.” 

Document AD0604325, entitled “Some notes on the evolution of Air Doctrine” is approved for 
public release. We are undergoing a system conversion which is creating a delay in our ability to 
reproduce older documents. There is no projected completion date for the conversion process. 
Once the process is complete, document AD0604325 will be forwarded to you. 

To date, there are no assessable fees for services from DTIC. Please understand that other 
members of the public may submit a FOIA request for copies of FOIA requests received by this 
office, or the names of those who have submitted requests. Should such occur, your name and, if 
asked for, a copy of your request will be released; however, your home address and home 
telephone number will not be released. Other private citizens who have obtained your name by 
using such a request may contact you; however, correspondence from the DoD about your 
request will be on official letterhead. Please contact me at (703) 767-9204 if you have any 
questions. Thank you for your interest in obtaining information from DTIC, 

Sincerely, /! 


Enclosure 


Michael'Hamilton 
FOIA Program Manager 



Crawford, Patricia A CIV DT1C RM (US) 


From: 50431-60079561 @requests.muckrock.com 

Sent: Sunday, March 11, 2018 1:26 PM 

To: DTIC Ft Belvoir RM Mailbox FOIA 

Subject [Non-DoD Source] Freedom of Information Request: Copy of document titled "Some 

notes on the evolution of Air Doctrine" 


All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the 
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser. 


Defense Technical Information Center 
FOIA Office 

8725 John J Kingman Road 
Fort Belvoir, VA 22060-6218 

March 11,2018 

To Whom It May Concern: 

This is a request under the Freedom of Information Act (FOIA) 5 USC 552.1 hereby request the following records: PDF 
Copy of document titled "Some notes on the evolution of Air Doctrine" Accession AD0604325 dated December 11954. 

The requested documents will be made available to the general public, and this request is not being made for 
commercial purposes. This document is 32 pages in length and should be free under applicable FOIA regulations. 

In the event that there are fees, I would be grateful if you would inform me of the total charges in advance of fulfilling 
my request. I would prefer the request filled electronically, by e-mail attachment if available or CD-ROM if not. Please 
provide me with a FOIA control number so I can track this request. 

Thank you in advance for your anticipated cooperation In this matter. I look forward to receiving your response to this 
request within 20 business days, as the statute requires. 

Sincerely, 

Cory Newman 

Filed via MuckRock.com 

E-mail (Preferred): 50431-60079561@requests.muckrock.com 

Upload documents directly: Cautlon-https://www.muckrock.com/accounts/agency_login/defense-technical- 
information-center-113/copy-of-document-titled-some-notes-on-the-evolution-pf-air-doctrine-50431/?uuid- 
login=f0784al3-9398-461d-baea-229a33858d58&email=dtic.belvoir.rm.mbx.foia%40mail.mil#agency-reply 
Is this email coming to the wrong contact? Something else wrong? Use the above link to let us know. 


l 





For mailed responses, please address (see note): 

MuckRock News 
DEPT MR 50431 
411A Highland Ave 
Somerville, MA 02144-2516 

PLEASE NOTE: This request is not filed by a MuckRock staff member, but is being sent through MuckRock by the above in 
order to better track, share, and manage public records requests. Also note that improperly addressed (i.e., with the 
requester's name rather than "MuckRock News" and the department number) requests might be returned as 
undeliverable. 

<Ca ution-http://email.requests.muckrock.com/o/eJwVztlEOwiAQQNHTyHlyMlCgCzZqvlahQOOkJUTaGo9v3f- 
8n8MwWCWBkTxqlnJsUQOBszg-bmylEfXV3i8Ge3kfZds3qEdaeksLpFbVKziv2ZgyYsRIJaJF[5l9tvOJeWlUqVHWp- 
TgcHDOqx7yLgmmsn6adOgV6vSFullk8L_8WqqwJlks-w> 
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UNCLASSIFIED 


Defense T echnical 
Information Center 



DEFENSE INFORMATION SYSTEMS AGENCY 

DEFENSE TECHNICAL INFORMATION CENTER 
8725 JOHN J. KINGMAN ROAD 
SUITE 0944 

FT. BELVOIR. VA 22060-6218 


UNCLASSIFIED 





UNCLASSIFIED 

Policy on the Redistribution of DTIC-Supplied Information 

As a condition for obtaining DTIC services, all information received from DTIC 
that is not clearly marked for public release will be used only to bid or perform 
work under a U.S, Government contract or grant or for purposes specifically 
authorized by the U.S. Government agency that is sponsoring access. Further, 
the information will not be published for profit or in any manner offered for sale. 

Non-compliance may result in termination of access and a requirement to 
return all information obtained from DTIC. 


NOTICE 

We are pleased to supply this document in response to your request. 

1'he acquisition ot technical reports, notes, memorandums, etc., is an active, 
ongoing program at the Defense Technical Information Center (DTIC) that 
depends, in part, on the efforts and interest of users and contributors. 

I herefore. it you knowof the existence of any significant reports, etc., that are 
not in the DTIC collection, we would appreciate receiving copies or information 
related to their sources and availability. 

I he appropriate regulations are Department of Defense Directive 3200.12, 
DoD Scientific and Technical Information Program; Department of Defense 
Directive 5230.24. Distribution Statements on Technical Documents; American 
National Standard Institute (ANSI) Standard 7.30 1 S-10.S7. Scientific and 
lechmcal Reports- Organization.Preparation.and ProductiomDepartment ot 
Defense 5200. I R. Information Security Program Regulation. 

Our Programs Management Branch. DTIC-OCP, will assist in resolving 
any questions you may have concerning documents to be submitted. Telephone 
numbers for that office are (703) 767-8038, or DSN 427-8038. The Reference 
Services Branch, D7IC-BRR. will assist in document identification, 
ordering and related questions. Telephone numbers for that office are 
(703) 767-9040, or DSN 427-9040 


DO NOT RETURN THIS DOCUMENT TO DTIC 

EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THIS 
DOCUMENT ACCORDING TO APPLICABLE REGULATIONS. 


UNCLASSIFIED 




UNCLA SSI FI ED 

AD.' 5 ? 3?? 


CLASSIFICATION CHANGED 

to: UNCLASSIFIED— 
from CONFIDENTIAL 

AUTHORITY: 


UNCLASSIFIED 




NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, TIIE U. S. GOVERNMENT THEREBY INCURS 
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE 
GOVERNMENT MA Y >.AVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER 
PERSON OR CORPORA TION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, 
USE OR SELL ANY PATENTED INVENTION THAT "MAY IN ANY WAY BE RELATED THERETO. 









DISCLAIMER NOTICE 


THIS DOCUMENT IS BEST QUALITY 
PRACTICABLE. THE COPY FURNISHED 
TO DTIC CONTAINED A SIGNIFICANT 
NUMBER OF PAGES WHICH DO NOT 
REPRODUCE LEGIBLY. 
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REPORT OF TEST - PROJECT NR. AA-105C/1O54 


£j? or ECM TTBCRK IQTfE3_W ITH THE AH/ALT-1 

a.\d fksaftqi Mill 


{JOINT WADC AND BOARD NR 4, OCAP7, FRCJBCV) 
1- Arjhcrttr. 


a. (1) NX *% UO, OCArf, 1 April 1954. 

(2) ARDC Teat Directives 5072-J3 and 5213-J1. 

P«* rose of this teat vaa to ^htai*. '.nglr-o.iriny 
data applicable to the design end development of automatic *>!jten» 

and to determine toe vulnerability of the antiaircraft fire control «yatec 
li-33 when subjected to anoh counter-measures techniques. 

2. Beferenoca. 

a. 1WI, VCLRC 30501 Com&nder WADC to OCAFF, 26 Kir 1954, 

NX, WCDC 30503 Coanander WADC to President. Board He i. 
OCAFF, 26 Mar 1954- 

«• ARDC That Directives 5072-J3 and 5213-J1. 

d. field Muaal 44-33A and Technioal Manual 9-60921, AAFCS K33. 

e. fcterln Baglnsering Report on Radio frensaltter AN/AIT-1, 
lira. 2070-1 through 2070-16, the W. L, Maxon Corporation. 

3. Descri p tion »f Materie l. 

a. The AN/ALT-1, Radio Tknnsraltter-Reeeiver, la an experimental 
send-automatic Jamming system covering the radar apeotrta between 7,500 and 
11,000 Mca. A panoramic receiver tunes over thla frequency band at the rate 
of 15 to 200 mb per aeconu > By observetion of tha panoraolo display, which 
la 40 oca wide, the operator eon select the desi'^el signal, atop the receiver 
tuning and Jam. The transmitter automatically follows the reoeiver end lodes 
to the sane frequency by means of a precision cavity and AFC circuit. The 
receiver is a crystal video type and has n sensitivity of about 60 dim. No 
klystron tubes are used to provide the frequency coverage at a power output 
150 to 500 watts dependent upon Arequonoy. At 7,500 mce the power la 
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*i°0O0 1 n^. U *lw ! u ‘J* ,,00 Sv mO !’ 500 5D > 000 W watts; and at 

rnnAnl ^4* 150 wotta « The j awning signal. ii ftiplrioj# "***~ 

the eaAeTo^V Wn ^® aiC1 ‘f i to . fcave a *l*ot«a 1 0 aw wi5» «t 6** Bolter 

aay be* incorMMt^^L r?^ 31 * 0 ^ f^*** 1 * ““V of teo techniques uhioh - 
po d into fully autoraacic syatcas now unde? dewlopnejit. 

unit ODeratin. , )S*i” tl “5 r ?^ ft Rr ° r ' c ” trrt Syatsa K-33 cmtai-ie aa oiqulaltlon 
Sa w IS ?« 5K ”- J - .**» i»t of tha ,L m , 

1?" * sl «“ *"“«*«') V. aeicctad and ths 

'ZJkS^S f d0 o f0r ** Corrcck ^«tion. Once a tat.-ot has Z 7 

or manual fcoh rI^W Unlt * fu ; thcr can bo auto:/tie, elded, 

ind igo element (range, azimuth and eWtion) ia Tainted an 

is* noccssor ilv C of°M f" U ? lt > *“»>** betweei Sii » *4 mca, 

(1 wf high treeialona A Iona type antenna pr vi:>:e a 2 U. nil bo4n 

inftaL;J2 Wt e& VI 1 ° r °* 5 » *** ia conically soaLd to «Ate«n track 

ord^s to the ^ 3 Jf+ n 18 2 d ^ “ CCH0Ut0r mit ^ich provitea filing 
battery and a^so maintains a dual plot of TV'HJnt nrd 

SSSI.'S, S tta Plattis, boarf! ft. iJSf L ast 

smoothing is / llnc P r< ’ di ® ti °n» but con predict on a curv*. Data 
features^aro £vJnnM CCOn ^* . Sev f rR l counter -oountorraorsurGa or nn«-Jiun 
8.500 to 9 ftY) *u> Qb u?i P 16 tracker frequency la continuoualy tunable over 
nidizA^tef Z trr ^: *" *» ~te eon bo changed between 23 
Aidad ^° r aeoond# Tho intermediate frequency gain may be changed* 

Sola Z T’ U1 * plp Xo bfl ojed. Jo** 5 

pticai system ia nlao available as a tracking aid. 

1- Ra.fy j^ 4 nr^^ ^ OU ?^ * -3 AN/ALT-1 Radio Transmitter-Rocelver ia the first 

harSJ^^ 8y8tea dovel °P ed by the USAP. This experimental equipment 
SiJoStion^w^J"’ 06 ™ 5 ^ uf th ® " 8tate of the art" and hna indlcSed^he 
Tte AN/ALT*!^? ™ rc a ophistioated oquipsent having full outomtieity. 

(airborne iLSt/if,! 1 tC8tc ? *% WA ?° in ^ Knrch 1954 gainst the AN/AP<J-13 
Bliaa W*?*}* 1 purpose radir). An informative test was conducted at Port 

S SilTsI *° a * *• 4 ’ «“»• n April through 

eyateo to th f 3 ke,,t 00 Qtto °Pb wa ® oada by the firo control 

teaok in%SII eap J ^ Jewing. It wna found that the .laming caused loss of 
valid. Unon ^ cpncorod that the computer data was not 

Nr. 4*<wdWH<»hf i^ivL 0 ^ b° 8 t, it was deemed advisablo ty both Board 
perfaAd ^tcr that a fully instrunentod test be 

Svisablo bv wSc 1 ^ Workhw b il ®. dr ba on either ayateo. It was also oonaidered 
b7 the ?"* - 1amin « techniques which can be simulated 

The testa covered^ eVQl “ atin 8 **»• «q«ipm3nt as a serai-automatic system. 
es ^ cov crcd by this report were conducted during July 1954. 

5. Summary af *mVi1 

*• Spot Janralng with Various Pbwrr Levels (lb counter-oountermo ga ur oa 
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•bout i5° watts; at 9,000 au, 500 watts, 10,000 ms, 100 watta; aad at 
■LL,0QQ ®°®» 150 watts* The jamming signal i« amplitude modulated with 
rtnwoor noise and was designed to have a speotrua 10 au- wide at 6db below 
the carrier peak. This equipment can simulate many of the techniques which * 
may be incorporated Into fully automatic syatoos now under development* 

.. _ J; Antiaircraft Fire Control System M-33 containc an acquisition 
unit operating between 3,100 and 3,500 mcs. This part of the iyat-em observes 
^ area out to 120».0°0 yards oud any target within rango of the 

acquisition presentation (Plan Position Indioator) can b* selected and the 
tracker unit rapidly slewed to the soma azimuth and range. It Is necessary 
• I?* ® * eRr ° h *° aa< *° for the correct elevation. Once a tat get has been 

’•locked on by the traokor unit, further tracking can be autourtic, elded, 
or sanual. Each element (range, azimuth and elevation) iu proaonted on 
individual A scopes. The tracker unit, tunable between 3,500 nijd 9.610 rocs, 

f? ££ l! ig i 1 , preol,1 S n * A 10138 typo antenna proviacs a 22 mil boit 

U.25”) offset by 9 mil or 0.5°, which is conically soamvd to obtain track 
information. This data is fed to a computer unit which pro vice a filing 
orders to the gun battery and also maintains a dual plot of present and 
predicted position information on its plotting board. The counter is not 

- to straight line prediction, but can predict on a curve, Bata 
smoothing is 4 or 8 seconds. Several counter-countermeasure* or anil-tas 

sST! 8 * r ® 0Vallabl0 * tracker frequency is continuously tunable'over 
q io00 aos while tracking. The scan rate can bo changed between 28 
«nd32 cycles per second. The Intermediate frequency gain may be changed* 

Aided tracking or manual tracking by pip mntohing can also be wed, An 
optical system is also available at a tracking aid, 

- n _The AH/ALT-1 Radio Thanamitter-Reoeiver Is the first 

Wend jaming system developed by the C3AF. This experimental equipment 
nos provided advancement of the "state of the art" and has indicated the 

t ? Ward *° re sophisticated equipment having full automaticity. 

I/ 1 " 1 v ? a , flrat tosted n * WADC 10 late torch 1954 against the AN/APQ-13 
Vefroorne special purpose radar). An informative test was conducted at Fort 
Kiss, Texas, in cooperation with Board Hr. 4, OCAFF, during 11 April through 
17 April 1954. During this test no attempt was made by the fire control^* 
® aoa P° the jamming. It was found that the jamming caused loss of 
track in the automatic mode, and it appoared that the computer data wee not 

2;* of this toflt » i% vaB deemed advisable by both Board 

Kr, > “» wight Air Development Center that a fully instrumented test bs 

2 £^ l f h vor th whil ® data on eithei ,ystea. It was also considered 
/»t e T al 'i nt6 $**• Jeoming techniques which can be simulated 

gr the AH/ALT-1 instead of evaluating the equipment as a semiautomatic system* 
*ne zests covered by this report were conducted during July 1954, 

5. 3umanr of Teat 

a. Spot Jamming with Various Rower Levels (No oounter-ooont ermeasu r es ), 
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(1) With • jawiing power level of 400 watts the field dy namls 
errors fell beyond 250 yards. Tho mf.joritv of thc36 errors fell be Ween 250 
and 1750 yards with the m a rt am being- 2200 yard 3, 'Ae j arming tine was so 
distributed that the normal non-.lammed tracking errors could not be determined. 
Reference was node to tee control courses to establish tho tracking errors 

os described in Appondix A. (See also Appendix C,4) The present position 
errors wore from 300 to 3000 yards. See course 30 and 31, Appendix N!% 

C.5 and C.6* IXjring course #30, the M33 was tracking in nutoLutlo and during 
course #31 aided rates were used. 

(2) With o jamlng povor level of 275 watts, tee tangential 
field dynamic errors foil beyond 250 yards. The majority of tho errors wore 
between 250 and 500 yards with 13 excursions beyond 1,000 yard*. Sons of 
these points roaohed saturation, which is dofined as bei.:g in excess of 

3000 yards. During the period when the jammer was off, the errors were between 
2 ero and 100 yards. The present position errors foil bolvcen IX and 700 yards 
during jaiming periods. See courses number 21, 22, and 25, Appendix C.5. 
Courses #21 and #22 wore automatic tracking for the M33 and aided rates were 
used for oourse #23. 

(3) Using 2.0 watts of jamming power, the majority of the 
tangential errors foil boyond 500 yards with maximum errors exceeding 3,000 
yards. Those coursos were so rough that again referenoe was made to the 
control courses to obtain normal errors for comparison. Present position 
errors fell between 400 and 2300 yards during jamming portions of the courses. 
See oouraes #56, #57 and #58, Appendix C.9. The K33 woe in autooatie track¬ 
ing for courses #56 and #57 and used aided rates for oourse #58. 

b. Transmitter frequency Accuracy Requirements. The degree of 
accuracy required in setting tee jammer on the radar signal was obtained by 
offsetting the jamer peak or spike /5, AO, -5 and -10 mcs. The /$, /10, 
and - 5 mos offset courses produced tangential errors from 250 to more 
2,000 yards. The -10 mos oourse apparently was not effective, since all 
errors on this course fell within the limits of the oontrol course errors. 

o. Sweep Jamming . The 15 and 7.5 oyele per minute rate produced 
a slight increase in traoking roughness but the maximum errors did not exoeod 
those on the control courses. At a sweep rate of 2.25 cycles per minute one 
oourse produoed errors at 4 points of 250 to 350 yards. These points were 
outside the normal tracking excursions under non-jammed conditions of the 
course. The seoond oourse at tho 2.25 cycle rate produoed errors flrom 250 
to more than 2000 yards during bote joining periods. During the time the 
jammer was off, tee tangential tracking errors on tee oourse were between 
sero and 150 yards. This oourse was also recorded on tee seoond test 103 
radar tuned 50 mcs away from tee first one. This radar reoorded 6 excursions 
of more than 250 yards with tee maximum being 525 yards. Examination of the 
ACC reoords and tee photogreohs of the range A scope of tee radar shows that 
the sweep speed on this oourse was Irregular with tho rate going from less 
than 1 oyole to about 3 cycles per minute. This accounts for the increase 
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in «rrora as the gaming signal woe in the peas band of the radar receiver 
for a longer period 01 * time. See Appendix C.8 and C.9 for course nmbar 

. j . MS3S&&Jffl Siilifit Automatic Janming was simulated 

by us.ng manua l operation. During tnsse oourses the radar changed frequency 
to escape the janming, with the Jammer operator attempting to iOllov. 
lr™Z 3 nl Sf *“"?*. intercepted the radar signal 3 time!!? lb* tangontlal * 
oftii! 86 7X3111 11 Vere j00 > 250 ** 2 50 for approximately 3 seconds 


th« r,m« time the Jamaer moat be la 

the pass band of the radar receiver to be effeetive changed vlh ranges. At 

th^der^fn 7 ? 1 *? ^ flrlng r ? nge (nore thcn 16,000 »*• tine is in 

the c * der of 0.5 to 1 second. As the range decreases from 16.COO yni'ds the 

time required increases to 2 to 3 seconds. AGC recordings show tha t the 
Jacncr signal roaches maximum in 0.5 seconds. The AX goes to soro or no 
signal in 1 to 2 seoonds. 

. f * pZ!P-to Regain Target. The average time required to regain 

target %as 7 to 8 seconds. Ibis was taken from the tost officers log, T5» 
average time taken from the events reoordor for 8 courses is 8.75 secants. 

wwl „ nMrt g ‘ gM ^ fi gimtgrwg . np jegjg. The effects of the counter-oounterweesiires 
available in the H-33 vere evaluated one at a timo, ohango of receiver JT gale, 

Sf 8 * 1 rn i 6 'i.?i d ? d tracWn *» “onoal tracking using pip matching, 
ptioal tracking and shifting the radar frequency by tuning the magnetron. 

type^of^jaming 1107 pr0Ved ^ 1x5 onl y effective method of escaping this 

6. Dtocugjilga. (See Appendix A) 

7* Conclusion? i 

.. a * P° wer required to Jam is not critioal. However, any eon. 
sideration of Jamming power must take into account the gain of the radar 
system. The H-33 System has a gain of 105 db. 

.. , b * Ih * frequency aoouracy of the Janming signal is dependent upon 

the gaming spectrum and the radar band pass. It does not appear to require 
as much accuracy when going to the high side of e radar signal as when on 
tbs lew side. 


°* J^esp Jamming at the 15 and 7.5 cycle per minute rates were not 
effective. The 2.25 cycle and slower rate indicates that a very slow sweep 
would be effective. The M33 system appears to have rate memory of short 
duration, therefore, the Jaaming signal must dwell long enough in the r adar 
band pass to destroy this rate memory, ^ 


d. Without a very large panoramic display the airborne operator 
cannot successfully follow and Jam a tunable radar signal. The 40 mos display 
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sra: mss s 

with the tunable radar* 

e. Evaluation of the MFCS H33 operator efficiency ie dopeadent 

UpOCll * 

(1) The state of training of the operator* 

(2) Ilia ability to recognise Jaartng. 

(3) Hie knowledge of the system capabilities of dsfoating or 
reducing the effects of the airborne Jammers. 

8. Racomi?ndatlona . 

a. A full investigation and study of the power rec-r>rc<i to jaa 
should be conducted. Thia study should be euppor-cd by ejotuuien of ^rget 
and lea signal into receivers of variable bandwidth and g«ua» 

b. An investigation of the noise modulation th ® 

klystron tube to be used in future J aiming equipments »ho.ul >* made to 
determine i f a better spectrum can be obtained than wes provided by t 
AH/ALT-1 during thia test. 

e. A course of Instruction on operating tecbri^a required by K33 

operators to reduce or defeat airborne Jasraers similar to . 

M bo formulated by tho AA and GM Branch, TAS, and disseminated throughout 

the Ar m y AA Command by that command* 

FOR THE COWANDERi 

Wright Air Development Center 
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Appendix A - Discussion* 

Appendix B - Not used* 

Appendix C - Drawings, Charts & Graph*. 
Appendix D - Coordination. 
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1* All courses were flown radial inbound at an altitude of 10,000 ft 
and a speed of 150 knots indicated. The target or jasmine aircraft was a 
C-54. Courses wore grouped as foUcwst Control 4 oourses (#26, 29, 43 and 
60), varying transmitter power-8 oourses, frequency accuracy of traasaltter-4 
oourses, sweep jasmiag - 6 oourses, simulated autoaatle operation - 2 sour sea, 
eounter-oounternoasures - 6 courses* A tabulation of all couraea used la 
the data analysis Is shown in Appendix C.3* Ihs present poeltioa redial 
errors and the field dynamio tangential errors of the four oontrol oourses 
were analysed to determine the limits within which these errors should stay 
for oontrol course conditions* these limits ware used to determine whether 
the present position and gun orders were fin or fi££ target, as represented in 
Appendix C.5 to C.9 Graphical representation of these established limits is 
shown In Appendix C.4* It should he uoted that the error s found in field 
dynamics were in great part due te the fact that cnee the victim radar was 
thrown off target, the operators had to reacquire the target* In reacquiring, 
the relatively high rates ef change of coordinate# will give very large field 
dynamic errors* 

2* The Jearning transmitter was operated in 2 modes or time periods* Sa 
the first mode it was turned on, beginning at about 35,000 yards and was not 
turned off until the radar lest target* This was repeated every 5,000 yards 
to a minimum range of 5,000 yards* This type operation included power deter¬ 
mination, frequency accuracy of jeaming signal and allowed determination of 
the jamming time required and the time required to regain target after "look 
break** The second mode was to operate the janer for 60 seoond periods* ■ This 
was used on sweep jamming, and counter-countermeasures oourses* During 
simulated automatic operation, the j a mmer was turned on each time the radar 
signal was located* 

3o Two M-33 systems were used ea test radars* A T-33 system was used 
as the control radar using an operation frequency well above that ef the 
jammer* One victim radar was instrumented with bore sight antenna and optlos 
earner an. The range A scope was reacted to an Crdusaoe shop repair truok 
and photographed. These osmores were all driven at 10 frames per second end 
timed by the master timing circuit. &rush recordings were made of the JOG 
voltage. The other victim radar had like instrumentation except for the 
Bonce A scope photography* Preeont position and gun order data from the 
test radars were recorded on Boll and Austin Bata Recorders at 1 and 10 
recordings per seoond, respectively. One recording per second of present 
position from the control radar also was fed into the recorders* An events 
reoordar was used to correlate all happenings to the same tine base* This 
included a tone signal from the air or aft, transmitted over tJHF, which indicated 
when the jammer was on* See Appendix C*1 and C*2* 

4* Bata Reduction. 

a. The raw data was edited and consolidated into its proper groups* 
The A soope photographs were read every 0.5 seconds to determine height ef 
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"grass," and the position of the target with respect to the range notch. 
Those readings were coded, "1" for t?rget in notch, "2" for target not in 
nobdr but in expended, w ee py and *3" fat target not in expanded sweep* The 
grass height was plotted on the ACTC tape on the sane tine' base. The oodea 
(1, 2 or 3) for position of the target pip with respect to rc..ge notch, otc, 
were placed on the tape t : . the appropriate time points* 

b. AH of the Bell Data Recorder data was key punched* This 
operation included 1 per second present position data fron the control radar, 
present position and gun orders from the test radar* 

e. The present position data fron tho control radar was converted 
to rectangular coordinates, corrected for parallax to tho test radar, and 
converted beck to spherical coordinates. All these computations were per¬ 
formed in one oDeration on the IBM CPC (Card Program Calculator). This 
reduction gave the actual position of the aircraft with mspeot to tho test 
radar* This Is not os accurate as theodolite data, but for the purpose of 
this tost was considered sufficient since there were no very snail errors to 
be determined. 


d* Tho actual or true position data, as defined above, was oon&arod 
with the present position givon by tho test radars to ostr.blish proneat 
position errors h azimuth, elevation and range* Azimuth errors in mils 
were converted to yards at the target by multiplying by tho horizontal rargn 
in thousands of yards. Elevation errors in nils wore converted to yards by 
multiplying by the slant range in thousands of yards. The vector sum of 
three elements was computed to determine present position radial errors* 

These points were then plottod on tho sane chert vs tlmo* Here again, some 
slight inaccuracies exist as the inherent error of two radar systems have 
been combined. This perhaps explains the dispersion on tho control coursos* 


e. Errors in the gun-firing data put out by the computers connected 
to the victim radars were computed on the Bell Relay Ballistic Computer, a 
special-purpose machine designed primarily for this type of work* Target 
position data recorded fron the control radar and relocated to the viotia 
radar position, as described in c above, is placed on a teletypo tapo in a 
code suitable for insertion into the Ballistic Computer. On this tape tho 
data pertaining to each discrete second of time along tho course is identified 
tyr a "time point amber." The gun order data put out by the conputcr connected 
to tho victim radar is placed on n second teletype tape in essontinlly the 
etuno fora. Three other teletype tapes also supply information to the Ballistle 
Conputor. One of these, the master control tape, simply directs the sequenej 
of computing processes. The other two supply the elements of firing table 
ballistic data requirod in the solution of the problem* A typical computation 
for a single time point proceeds as follows i The Ballistic Conputcr ontors the 
ballistic tabic with tho elevation and slant range of the target and extracts 
from tho table tine-of-flight of tho projectile to the point in space oocupied 
by tho target. Subtracting this tine-of-flight from the tine at which the 
target occupied the specified point in space, gives the time ct which the gun 
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should hars fired in order to put the shell-burst on the target* tike computer 
also extracts from the ballistic table the gun elevation and fuse setting 
required to put the ahelL-hot on the target and the drift, of the projectile 
In proceeding iron gun to target, expressed as an angle in the horizontal 
plane. Subtracting this drift angle fro* target aiimuth gives correct gun¬ 
firing azimuth. Having thus determined a theoretically correct gun-firirg 
t ine end a sot of theoretically correct gun orders required to put a shell- 
burst on the target, the Ballistic Computer then proceeds to determine what 
gun orders were actually put out by the computer under test at gun firing time. 
This gun-firing time was computed to the nearest millisecond Whereas the 
actual gun orders wore recorded only at 1-second intervals. Consequently 
the Enllistle Computer examines four consecutive set* of roeorded gum orders 
which bracket tho theoretical gun-firing time and per forme cubic Interpola¬ 
tions betweon them to arrive at the desired set of actual gun orders* Sub¬ 
traction of the theoretical gun-orders from actual gun orders then gives the 
gun-order errors comitted by tho eonputor under test at the theoretioal gun- 
firing tine. These errors are printed on a rooord shoot and ora also reooeded 
in teletype tape form for later transcription to IBM oards* The Ballistic 
Computer also extracts from tho ballistic table and records on the answer 
tape the components of projectile velocity in the vieinity of the target, 
expressed as e rate of change of slant range to tho projectile and a rate of 
change of elevation ai^le to the projeotllo. Somelly tho so quantities asm 
utilised in subsequent computation on the IBM equipment* 

f. In the present case, the gun-order errors la asiauth and elevation 
were converted to yards of niss-distanee at the target in the manner described 
In d above. The vector sma of corresponding pairs of theme miss-distances, 
that is, the total mlss-dlstanco in s plans at tho target and normal to the 
lino of sight, wns also computed. These data ware presented in two different 
ways. The total miss-distances were plotted against slant range to the target* 
The lndl vldwl miss-distance components vert also plotted against time along 
the course, using a time scale matching the one against which AOC voltages 
and Jaiming conditions wore recorded. Thus course vs. course and jaaalag ms* 
nen-Jorning oases could roodily be compared. (See Appendix C.2) 

5, Tho power output of tho jarcing transmitter was measured with a 
Cubic Corp Calorimeter. Measurements wore nods after each course where the 
power required to jam wns being deteminod. The power of the jamming trans¬ 
mitter was rodueed by using n power divider deslgnod and cons-ruoted by WAIC. 
One branch of this divider wr.s connected to the antenna and tho other to the 
colorimeter which absorbed the power not radiated. The division of power.be¬ 
tween the load end antenna vns accenolishod by Insorting bress plates with 
different siso slots into the* divider. laboratory bench tost of the divider 
load am) antenna gave a V9JH of about 1.1 to 1 over the ftroqt- rncy range used 
in this tost. It was necessary to use the calorimeter to absorb the power 
as no comcrcin.1 load could be found which could dissipate tho power required. 
Power measures wore made by simply reversing the antenna and load connections 
to tho power divider. Tbeprwor measurements should bo very accurate as they 
woro made with a calorimeter and immediately after a course was flown* 
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6. Tho modulation index was to have been changed to determine the offfcct. 
This had to be ruled out becnusc of safety as it was impossible to change 
modulation without exposing high voltage circuits during flight, llo photo¬ 
graphs of tho ixdulr.tion wero obtained# Observr.tion of tho Jarrvcr spectrum 
with the TS-148 Spectrian Analyser did not show enough side be-J energy to 
photograph. The side bands wero far below tho 6 db design poir.t. However, 
some sideband energy must have been presont as indicated by the fact that 
Joining occurred when the transmitter peak was offset /10 race from tho radar 
frequency. 

7. In sweep Jamming a cycle is defined as the length of time roquired for 
the Jamming signal to travel acres* tho frequency band being trwept and return 
to the starting point. Thus for each cycle tho Jnntcr signal passes through 
the victim radar bond width twice. Oaring this test the band sweep was 
approximately 200 ncs wide. Tho swoop speeds expressod in megacycles per second 
were therefore approximately 100, 50, and 15* 
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Flow of Data Redaction used for Project 
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CONFUTATION OF THE SLANT RANGE THAT 

(A) Data recording *os commenced ond ceosed 

(B) AGC was offected 

(C) Pres pos nos off target B number of jiardt off forget 
©) Gun orders mere c'f forget 
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TA BULATION OP cnmaa BT TYPE 


Chens’ 

Nr 

Ifcp® rT 

Course 

Jaaner 

IVr ftintts ) 

Counter^ 

Countorreasure 

K33 

Mode of Operation 

20 

Spot 

275 

None 

Auto (all angles) 

21 

Spot 

275 

Nona 

Auto 

22 

Spot 

275 

Nona 

Auto 

23 

Spot 

275 

None 

Aided Karma’. 

s 

24 

Spot 

415 

None 

Auto 

27 

Spot 

Tcchnloal trouble with James 

r. 

28 

Spot 

e i 

• e • 


30 

spot 

400 

None 

Auto 

31 

Spot 

400 

Rone 

Aldod 

32 

Jaaner off¬ 
set /5 nos. 

400 

None 

Auto 

33 

Jaaner off¬ 
set /LO aos. 

400 

Rons 

Auto 

34 

Jaaner off¬ 
set -5 BOS. 

400 

Rons 

Auto 

37 

Jtunmnr off¬ 
set -10 BOS. 

400 

Rons 

Auto 

38 

Spot-jaaner 
on radar bugs 

400 

Rons 

Auto 

39 

Sweep 

400 

None 

Auto 

40 

Sweep 

400 

None 

Auto 

41 

Sweep 

400 

None 

Auto 

42 

Sweep 

400 

None 

Auto 

44 

Spot 

400 

Very Osin 
Control 

Auto 

45 

APPENDIX C 

Spot 

400 

SECR 

Rage 1 

Pip Matching 

ET 

Aldod 

C.3 
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afadatlon of Courses by Trr* fConti^ j 


Course 
-Jfc_ 

Typo of 

CQUTflO. 

Jammer 

-forfo&tfry) 

Counter- 

KJ3 

46 




-&g?- cf Onomtion 

Spot 

400 

7 btj (lT Soon 
^to (2) Osod 
Optics 

Uded 

47 

Manual 

400 

frequency shift 

Auto 

48 

Manual 

400 

frequency shift 

into (Jammer 
malfunction) 

49 

50 

Manual 

No oouris 

400 

frequency shift 

Auto (Sotet Radar 
exoeedod frequency 
limits) 

51 

Manual 

400 

frequency shift 

Aided 

52 

Manual 

400 

frequency shift 

Aided 

53 

Swoop 

360 

Sons 

Anto 

55 

Spot 

2 

Hons 

Auto 

56 

Spot 

2 

Ions 

Auto 

57 

Spot 

2 

Sons 

Auto 

58 

Spot 

2 

Sons 

Aided 

59 

Manual 

2 

frequency shift 

Auto (Note* Radar 
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BOARD HHM3FS 4 (8576 SO) 
Office, Chief cf Any Ploli Atom 
F brt Bliss, Texas 


REPORT OF TEST - PROJECT HR .U-KK CAOSZ. 

E2 3BE*2a 


fob ljOSed^Flanof Tbst . The plan of teat was circulated to WADC 
and OC1FF for censuent and reooiLiicndations, 

*• Concurrences were received ttca the follrvia^t 

(1) Commander, Wright Air Development Center, Wrlght-Batteraon 
Air force Buao, Ohio, 

(2) Office, Chief of Amy Field forces, fort Monroe, Virginia, 
Attms. iTTEt-4. 


b. Ho comments were received Oram any at the above commands ref¬ 
erence the proposed plan of test, 

2 * &&tfc_ifaK ratlye Report of fo am. The draft narrative report of 
test was circulated to WABG and OGAF? for oooment and reocnoendations. 
CoBDcnts, together with this Board's reply, are consolidated below, 

a. Compandor. Wright Air Devalnment Omter. 

(1) C omment . 


"1. Subject report has bean reviewed and the following 
comments or changes are made! 


5213-41* 


"a. Paragraph la(2) change to read! 5072-J3 and 


"b. Paragraph 2o change to rood! 5072-J3 and 5213-J1. 

"o. Paragraph 3at Change the 4th senteneo to read* 
'The receiver is a orystal video type and has a sensitivity of about 60 dim.' 

n d. Paragraph 5a, Add after 'Spot Jamming with Var¬ 
ious Power levels.' Ko aounter-countcrmeasuroa. 


"e. Paragraph 5a(l)f Change to read 'with a J ammin g 
power level of 400 watts the fiold dynamic errors fell beyond 250 yards,' 

n f. Paragraph 5o, change to read as follows* ' Sweep 
iSMlSS* fhe 15 and 7,5 cycle per minute rate produced a slight increase in 
tracking roughness but the maxima errors did not exceed thoso on the control 

APPSKDIZ P 





courses, l.e., no excursions fell beyond 250 yards- It a sweep rate c 
2.25 eyries par initiate one course ar;.dui naL enaca. at. 4 point* at 25Q t r 
350 yaids. lease points were outside the normal tracking excursions order 
non Joined conditions of tlie octree. The socond co'.irae oc tin* 2.25 cy*<le 
rate produced errms from 250 to mere chon 2000 puds dcgttt: both, jorrv-u® 
perioioc During the tine the jr-arcr was off the t^ngentioj fcvaoHr" err ora 
on the course were between zero ara 350 yaidn- This course wos also retard* 
ed on the second test M35 radar tuned 50 rocs away from the first one. Inis 
radar recorded 6 excursions of mro than 250 yards with tho maximum beirg 
525 yfirds. Examination of the .A‘3C reoerds arid tho photograjilis of the range 
A scope of too radar shows that ths sweep speed on this roars a was irrego- 
lar with the rate gain g from lee? than 1 cytuo to about 3 cycles per minute. 
This account for the increase in erxors oa the janiing signal was la the 
pass baud of the radar for a longer period of time* 


n g. Paragraph 6f. Ia the 5th sentence change 6 

dbra to read 6 db. 

"h. Add paragraph g under discussion* (In svsop 
Jamming a cycle is defined as the length of time required for the jamoioi; 
signal to travel across the frequency bond being swept and return to the 
starting point. Thus for each cycle the jammer signal passes through the 
victim radar band width twice. During thi 3 test the hand sweep was approx¬ 
imately 200 d»s vide. The sweep speeds expressed the nPgncyoles per seoend 
were therefore approximately 100, 50, and 5.) 


105 db. 


"1. Paragraph 7ar Change last sentence to reads 


"J. Paragraph 7c, change to read os follows* 'S**p 
Jamming at the 15 and 7.5 cycle per minute rates were not effective. Ths 
2.25 cycle and slower rate Indicates that a very slow sweep would be effec¬ 
tive . The K33 systea appears to have rote memory of short duration, then- 
fore the jturning signal must dwell long enough in the radar band pass to 
destroy this rate neacry. 


"k. Paragraph 7d, Change to read as follows* *Nitt- 
out a very large panoramic display tin operator cannot successfully follow and 
Jen a tunable radar signal. The 40 ncs display available in the AN/ALT-1 is 
not wide enough to observe rapid frequency shift of the radar. A full ur-o- 
natio system which will follow the radar signal is required to successfully 
cope with the tunable radar. 


"1. Paragraph 8b* Delete this paragraph and suibatz.tute 
the following: *An investigation of ths noise modulation characteristics of 
the klystron to be used in future equipments should be made to determine If 
a better spectrum con be obtained than was provided ter the AN/ALT-1 during 
this tost,'" 

(2) Board Reply . Noted. See appropriate changes in report of 
test herewith. 

(3) Comment . "This document is classified SB0WP in unoniJww* 
with AFTl 205-1, Par 23(c)." 


(4) Board Repl y. Concur . 
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SO!lE NOTES ON THE EVOLUTION 
OP AIR DOCTRINE 

Military strategy is of all the human sciences at once the 
>st ancient and the least developed* It could hardly be otherwise* 
s votaries must be men of decision and action rather than of theory* 
ctory is the payoff, and is regarded as the most telling confircna- 
on of correct judgment* There is no other science where judgments 
e tested in blood and answered in the servitude of the defeated, 
ere the supreme authority is the leader who has won or can instill 
nfidence that he will win. 

Some modicum of theory there always had to be* But like much 
her military equipment, it had to be light in weight and easily 
ckaged to be carried into the field. Thus, the strategic ideas 
ich have from time to time evolved have no sooner gained acceptance 
an they have been stripped to their barest essentials and converted 
to maxims. Because the baggage that was stripped normally contained 
a justifications, the qualifications, and the instances of historical 
plication or misapplication, the surviving maxim had to be accorded 
substitute dignity and authority by treating it as an axiom, or, 
latter-day parlance, a "principle." 

The so-called "principles of war" have been derived from the 
-k of a handful of theorists, most of them long since dead. Their 
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specific contributions to living doctrine may not be widely known, 
because their works are seldom read, and the dimensions of the orig¬ 
inal thought may find but the dimmest reflection in the axiom which 
has stemmed from it. Nevertheless, by their ideas, however much 
those ideas have suffered in the transmission, these theorists have 
enjoyed in the most pragmatic and "practical" of professions a 
profound and awful authority. 

Air power is too young to have among the theorists of its 
strategy more than one distinguished name, and he has carried all 
before him. The views of General Giulio Douhet would be worth study 
today even if Air Force thinking had progressed considerably beyond 
him and away from him, because he would still remain the first to 
have presented an integrated, coherent philosophy for the employment 
of air power. But the fact is that air strategists have moved very 
little beyond or away from him. American air strategists today may 
or may not acknowledge in Douhet*s philosophy the origin of their 

present doctrine, but there can be no doubt about the resemblance 
between the two.* 

We know, however, that Douhet»s basic essay, "The Command of the 
Air" was read avidly in a condensed translation by leading American 
air officers during a crucial stage (the mid-thirties) in the develop- 
■ent of the ideology of the U.S. Air Corps, and that it was warmly 


iu one V0 ^ UDe edition of Douhet works in English called 
Tha-gocffiand of th. Al r {.New fcrk: Coward-McCann, 19wf, trena. by 
Dino Ferrari. The title of the volume is that of the first essav 
contained therein, but other of Douhet*s essays are also included. 
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embraced by its readers. We know that the development of Air 
Force doctrine followed Douhet not Barely in a broad em phasis on 
strategic bombing, but also through some of the finer ramifications 
3f his philosophy, such as a de-emphasis on fighters, whether for 
iefense or for escort of bombers, and a corresponding emphasis on 
iestroying the enemy air force at its bases. The relative disregard 
)f air combat in official doctrine and planning was something that 
ras distinctively Douhet*s, and it is notable because it directly 
repudiated World War I experience. There are other comparably 
itriking examples of Identity -- in fact, no important instances of 
lifference. 

It is of course obvious that Douhet*s philosophy would not have 
een embraced so warmly, one might almost say so uncritically, if it 
a<3 not been so congenial. Ground force and naval officers have 
ertainly not regarded it as self-evidentally true, whether in detail 
r in broad outline. But for Air Force officers, its emphasis upon 
n independent mission for the Air Force and upon the sufficiency of 
hat mission to achieve victory could hardly be unwelcome. 

Douhet*s success with one kind of military service is perhaps 
le most striking of any theorist in the annals of strategic thinking, 
is astonishing popularity of Mahan at the turn of the century cosms 
) mind, but Mahan was after all a re-interpreter rather than a 
•eator of strategic concepts. Douhet*s strategic philosophy was by 
mtrast wholly revolutionary. His success was instantaneous and 

tL G ®?® ral H * H * Arnold, Global Mission (New York: Harpers, 



complete, not only in the American Air Force but in every air force 
- which had the administrative and intellectual freedom to follow him. 
That includes the Royal Air Force of Great Britain, 24 and even the 
German Air Force. We would suspect that to be true of the latter or¬ 
ganisation from the way the Luftwaffe conducted itself in the battle 
of Britain, but we also have the word to that effect of Generalleutnant 
Adolf Galland: 

"Douhet*s ideas met with a great deal of approval in 
Luftwaffe leading circles before the war. Although in the 
first phase of organisation it was a fighter arm which stood 
in the foreground, in the second it was unequivocally the 
bomber. I still remember clearly a period when the talk was 
all of strategic bombers and one referred with something of 
pitying condescension to "hone defense fighters." 

Of course, the German Air Force like all continental air forces, 
was bound to the ground forces by the tremendous prestige and insis¬ 
tent demands of the latter. But the handling of the Luftwaffe in the 
battle of Britain, which was supposed to prepare the way for a trans- 
Channel invasion (Operation Sea Lion), shows how restive it was under 
German Army and Navy demands. The airmen were determined to fight 
their own **ar, and to the best of their ability did so. 

The only major air forces which seemed at the time of World War 
II not to be innoculated with Douhet*s ideas were the Japanese and 


2a In a published lecture Marshal of the Royal Air Force Sir John 
Slessor scoffs at the idea that Douhet had had any special Influence 
on R.A.F. doctrine, but h*s subsequent remarks unwittingly confirm 
t ? at J f nfluenc ®* He incidentally attributed to Lord Stanley Baldwin 
the dictum "the bomber will always get through," which, whether or no* 
Baldwin ever actually repeated it, is certainly the heart of the Douhet 
thesis. Of course it is not remarkable that persons should not know the 
source of their own ideas, since only professional scholars make a vir- 
*5* such knowledge. Slessor’s lecture is reproduced in the Journal 
gl. -the Royal Doited S ervice Institution . "Air Power and the Future of 
war," August, 1954, ppl 343-55. 
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e Russian, and ths reasons for these two exceptions is fairly 
vious. In Japan the respective air forces were not only under the 
minance of the army and navy organizationally, as they were nominally 
the United States, but also the conservative army and navy leaders 
re in fact in control of the government, which was certainly not 
le in the United States* 

In the Soviet Union, the control of the armed services by the 
fernment was absolute and complete. There had been an enormous 
:ge of leading army officers in the late thirties, and in such an 
rironment one does not have novel strategic ideas. The leading 
Litary theorist in the Soviet Union was the same man who was also 
> leading social, political, cultural, and biological theorist, 
lely Joseph Stalin. There is nothing like having a genius who 
;ards all knowledge as his province. The western world has not had 
:h a one since Francis Bacon, who incidentally also had his say 
>ut strategy. And let us not be too contemptuous of the military 
tprehension of Stalin, who seems tc have delved considerably into 
work of Clausewitz. One of the major problems we are concerned 
h today is that of determining how much the new weapons, and the 
mple of the USAF, haws stimulated a re-orientation of the air 
ategy thinking of the present Soviet regime, which now has to 
end on assorted lesser geniuses than Stalin. 

The contribution of Douhet which commands greatest respect is 
t he turned upside down the old trite military axiom, derived from 
ini, that "methods change but principles are unchanging." He 
isted instead that a change in method so drastic as that forced 
the introduction of the airplane must revolutionize all the so-called 
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principles of war* It took a bold and original mind to conceive 
that the sacrosanot principles might be outmoded, and a strong and 
independent will to assert it. He not only asserted it but supported 
his arguments with remarkably firm and consistent logic. It would 
be well if we were capable today of the same kind of originality and 
boldness with respect to the new nuclear weapons. 

But Douhet , s most avid followers are not under the same compul¬ 
sion as he to emphasize the violence of his break with the past. 
Military officers of all services seem to feel obliged to acknowledge 
allegiance to an ancient orthodoxy known as "the principles of war." 
The homage is usually towards a vague symbol, but there have also 
bean attempts on the part of Douhet*s adherents to mesh explicitly 
and in detail the new orthodoxy with the old. Douhet himself refused 
to justify his ideas according to whether they did or did not accord 
with some inherited gospel. He was much more interested in whether 
they accorded with the facts of life as he saw them. But perhaps his 
vision of the facts of life was not altogether uninfluenced by his 
training. At any rate, although he was too proud of his intellectual 
Independence to appeal to the authority of the old principles where 
they happened to implement his own views, the fact is that they often 
did. Thus the controversy over the proper role of air power has 
often, on its more intellectual fringes, revolved around the question 
whether the Douhet thesis, or, more loosely, the emphasis on strategic 
bombing, does or does not conform to the tried-and-true, "enduring" 
principles of war. On occasion the argument has even proceeded to 



exegesis of venerated authorities like Clausewits, who after all 
had been dead for a century and a quarter^ 

Douhet is himself too recent, too controversial, and even too 
"foreign" to be much of a makeweight in his own name. He is therefore 
rarely cited in support of a point of view, but a proposal for the 
use of air power which runs counter to his doctrine, me;* well be 
crushed under the ponderous assertion that it "violates all the 
principles of war." 


***** 

What then are these ancient teachings to which appeals are so 
constantly made? More important, from whence do they derive such 
commanding authority? We are here concerned with a body of ideas 
or axioms to which in our own time literally millions of lives have 
been sacrificed, and on the basis of which within the last decade 
$reat battles have been organised and fought. Mora to the point, 
*e are concerned with a heritage of thought which even today 
iominates decisions on which the life or death of our nation may 


* See especially Captain Robert H. McDonnell, "Clausewits and 
Strategic Bombing," Air Unlveralty Cuarterlv Ravlew Spring. 1953, 
3p* 43-54. This article is a reply to the cook oy Admiral Sir 
ieraldDlck.na. Bombing and Strategy—Th. Ftll .cy of Total W«r . 
there Admiral Dickens argues that strategic bombing offends against 
-he Clausewitslan doctrine "that the subjugation or an enemy is 
>est accomplished by defeating its armed forces in battle." Re¬ 
lying to this and like objections. Captain McDonnell asserts that 
that is needed is "a closer examination of Clausewits t principles"! 
r or a more general effort to equate Air Force doctrine with the 
raditional principles of war, see also Colonel Dale 0. Smith and 
lajor General John D. Barker, "Air Power Indivisible " AUQR . Fill. 
.950 (Vol. IV, No. 2) pp. 5. 
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well hinge. 

In the main, the maxims or axioms which we call "principles of 
war" are simply common-sense propositions, most of which apply to 
all sorts of pursuits besides war. If a man wants to win a fair and 
virtuous maiden, he must first make up his mind what he wants of the 
girl, that is, the principle of the objective, and must then practice 
the principles of concentration, of pursuit, of economy of forces, 
and certainly of deception. 

Let us acknowledge that common sense principles are valuable 
precisely because they represent common sense, and are valuable only 
so long as they are compatible with common sense. There have been 
all-too-many examples in recent war when a slavish devotion to the 
so-called principles of war offended against common sense. One might 
say that slavish devotion to any body of maxims is likely to have t 
that result. In any case, the low intellectual estate to which 
these maxims have fallen today does not decently reflect their origin. 

Karl von Clausewitz is the first great figure in what might be 
called modern strategy, just as Adam Smith is the first great figure 
in modem economics — to mention a science which is in many respects 
remarkably analogous. But unlike Smith, whose Wealth of Nations 
proved to be only the headwaters of a mighty and still expanding 
river of thought to which many great talents have contributed. 


5 For a more extended discussion of the relevance and irrelevance 
of strategic principles, see my "Strategy as a Science " World 
Politics . July 1949 (Vol. 1, No. 4) pp. 467-86. 
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Clau3ewitz is also, except for hie lesser though impressive 
contemporary, Antoine Henri Jomini, almost the last great figure 
in his field. Others may also be worthy of honors and of notice, 
but they do not challenge his pre-eminence. And indeed it was very 
difficult to be original in this field after Clausewitz. 

Not until two thirds of a century later does anyone appear of 
anything like comparable stature, and Alfred T. Mahan, by confining 
himself to naval strategy, put himself into a rather more limited 
context than did Clausewitz. After Mahan we come to the unique name 
of Douhet, that is, unique in a separate and new field of strategy. 

We are of course skipping over the names of some writers, not 
many, who would have to be considered in any history of strategic 
thought. Some of these showed real originality, and others are more 
important for their influence on their times than for originality or 
incieiveness. One of the latter is Ferdinand Foch, whom we shall 
discuss presently. 

It is Interesting to note that Clausewitz, who was certainly 
the most profound as well as systematic thinker on war that has yet 
appeared, specifically rejected the idea that there could be such 
things as principles or rules. One does indeed find discussed at 
considerable length in Clausewitz, as in Jomini, most of those basic 
ideas which were later to be exalted to the status of principles. 

But what makes large portions of Jomini and especially of Clausewitz 
come alive today in the reading is not the elucidation of basic ideas 
or principles but rather the wisdom which these two thinkers, one 



profound and the other incisive and eminently practical, brought to 
their discussion of these ideas* This wisdom is reflected in a 
flexibility and breadth of comprehension which makes Clausewitz 
dwell as tellingly on the qualifications and historical exceptions 
to the basic ideas he is promulgating as he does on those ideas 
themselves, though of course at leaser length. 

Another respect in which the wisdom of Clausewitz is manifested 
concerns a subject in which his contribution is not merely distinct! 
but unique. No other theorizer on military strategy, with the 
possible exception of Mahan, has devoted anything like comparable 
attention and careful thought to the relationship between war 
strategy and national policy. Clausewitz's contemporaries, notably 
Jomlni, took the dependence of strategy upon policy so completely 
for granted that they thought it worth little mention, whereas those 
who are more nearly our own contemporaries, notably Douhet, lost the 
point entirely or denied it. 

In this regard more than in any other, Clausewitz has had not 
only the first word, but also practically the last. And in this 
respect as in all others, the fruits of his brooding intelligence 

baen not transmitted but rather catalogued in the form of 
capsular quotations taken out of context. It is especially ironical 
that some of the very quotations which are often cited to prove that 
he was the prophet of total or absolute war are wrenched from a 
chapter in which he specifically insists that "war is never an isolat 
, « |fc ■ilitary aim and method must always defer to the 



political object. 

Clauaewits ia eapacially subject to such miainterpretation 
becauae of hie subservience to the method of the contemporary 
German philoaopher Hegel, whom he apparently atudied with great 
reverence. Thus, only after vigorously building up a case for 
war being in theory aubject to no limitation! of violence, he 
goea on to develop with equal vigor the point that in practice 
there rauat be many qualification! to the theoretical absolute,^ 
which of course reflects Hegel's well-known method of presenting 
the thesis, the antithesis, and then the synthesis. This method, 
plus the natural inclination of a searching mind to feel all 
round the subject, makes Clauaewits amenable to being quoted on 
whatever side of an issue one desires, and he has been amply 
abused in this fashion. Moreover, he ia of all the noteworthy 
writers on strategy the least suaceptable to condensation. The 
efforts in that direction have almost invariably condensed out 

the wisdom and left the cliches, or rather what have since become 
cliches. 

Let us now consider Ferdinand Foeh, not because he fits 
anything like the same frame that Clauaewits does, but because he 


6 This ®ntim exposition is contained within the opening ehap- 

Wgr, though it is of course amplified throughout the 

FS Bt w a !l d no ?L availabl * English translation of On War 
is that of the Modem Library, 0. J. Matthijs Jolles translator! 



represents the more recent trend in strategic thought* He reflects 
-on the one side something against which Douhet reacted violently, 
and on the other and greater side something which Douhet absorbed 
without question* Foch acknowledged himself to be a fervent 
admirer of Clausevits; but where Clausewitz was the philosopher, 
wrestling with conflicting insights into contradictory truths, 

Foch was the teacher, determined to inoulcate and indoctrinate* 

His object was not to explore but to explain, which meant 
inevitably to simplify and to exaggerate* 

It must be said tliat on the battlefields of World War 1 he 
unlearned more quickly than most of his colleagues and pupils 
some of the notions which as a writer and as a lecturer at the 
•French War College, of which he was also for a time Commandant, 

.he had been so instrumental in promulgating* It took real nobil- 
ity as well as insight for him to say, as he is reported to have 
said to his staff following the disastrous French offensive at the 
frontiers at the opening weeks of the war; "Gentlemen, it remains 
for you to forget what you have learned and for me to do the con¬ 
trary to what I have taught you*" How deeply this conversion went 
is another question* 

We are here interested only In the two main points in which 

Foch differed from his great predecessor of a century earlier 
and which are also meaningful for an understanding of the con¬ 
text in ’/hich Douhet wrote. First is the apotheosis of the 
offensive, which Foch and his followers pushed to the ultimate 
extreme; and second was the almost unconscious development of the 



nception that war was an end in itself pursued for its own 
jectives. Both these points remain of over-riding importance 
iay, and explain much that would otherwise be inexplicable 
Dut patterns of military thought. 

Foch was hypnotised with the offensive for morale reasons. 

:tory or defeat was to him not a physical fact but an attitude. 

* surrendered not because one was defeated, but because one felt 
eated. Whatever the material costs, the posture of the attacker 
re him the feeling of being the conqueror. Douhet, who wrote 
er World War I, had reason enough to consider that attitude 
iposterous, and his rejection of the ground offensive is one of 
basic elements of his philosophy. He nevertheless exalted the 
ensive for aerial warfare, purportedly from strictly technical 
physical reasons. 

Clausewits and Jomini had acknowledged that the winning of a 
orable decision requires that one ultimately go over to the 
ensive and be successful in it. But Clausewits had neverthe- 
s reasoned that the defensive was the "stronger form of war," 
evidenced by the fact that it was normally and appropriately 
srted to by the weaker side, and, since he carefully distinguished 
eeen a defensive attitude and passivity, he insisted that the 
intages of initiative and surprise did not necessarily accrue 
Lrely to the attacker. He admitted that an army on the attack 
Lves from the act of attacking a feeling of superiority which 
mlates its courage, but "the feeling very soon merges into the 


See especially F. Koch. The Principles of War. trans. bv 
lorinni (Hew York: Fly, l^OTI-^- 


more general and more powerful one which is imparted to an army 
by victory or defeat, by the talent or incapacity of its general." 
Jcmini agreed with him so far as the tactics of battle were con¬ 
cerned. Waterloo was hard to forget. But he did insist that to 
be on the offensive strategically was always an advantage. 

The school of which Foch was the intellectual leader had no 
patience for even those mild qualifications of the merit of the 
offensive which Jomini had seen fit to express. Its members 
exalted the offensive in all its forms, tactical as well as 
strategic, and refused to be confined by any considerations of 
circumstance. It was the favored pupil and protege of Foch, 

Colonel de Grandmaison, who said: "In the offensive, imprudence 
is the best safeguard. The least caution destroys all its 
efficacy." Theirs was the religion of 1*offensive brutale et a 
outranee . 

Did no one admonish them to consider the machine gun? Possibly 
so, but it would have done no good. Foch did not deny that on the 
battlefield the attacker might lose more men than the defending 
opponent. Since his scholarship was always at the service of his 
convictions, he pointed to several historic battles in which, as 
he put it, "the decimated troops beat the decimating troops." In¬ 
cidentally, if one wants to see how military history can be pros¬ 
tituted to the service of doctrine, it is a good exercise to check 
Foch f s account of Napoleon’s conduct at the battle of Wagrara with 
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any of the standard accounts of that battle. This is only one 
case out of many which suggest that when one hears the phrase 

"history proves" one should get ready for bad history and worse 
logic. 

Our comment above that Foch and his generation had slipped 

unconsciously into an assumption of victory being an end in 

itself cannot be implemented by quoting specific statements. 

After all a statement to that effect would be too obviously 

absurd. One sees it simply in the attitude which prevades all of 

Foch*s writings and utterances, and especially in the exaltation 

of the offensive regardless of cost. And in this, we must remen- 

ber, Foch was only representative of his time. The British 

military leaders of World War I, who seem not to have read Foch 

at all and certainly did not attend his classes, clearly shared 

9 

his convictions. 

We see in the ideas and attitudes just described one impor¬ 
tant explanation of the greatest disaster of modem times -- World 
*ar I. World War 1 contains lessons which are in many respects 
nore relevant to us today than the more recent war, which was after 


* Ibid ., p. 322. 

\ Field Marshall Sir Douglas Haig, when asked by the Prime 
.inister in October 1916 what he thought the terms of the imminent 
irmistice should be, recommended in v ictory practically the ss nf 
eras that two years earlier he hacT rejected as an unacceptable 
•asis for a compromise peace. The difference was that in 1918 
rermany had been "vanquished," a condition that he had several 
lmes in his diary specified as being necessary to any peace. See 
h» Private Paper, of Do mlaa Hale 191L-1Q1Q . e( j. by Rob.rt Black 
London: iJyre & Spottlawood.. 1952 1. DO.luI. . ?«. oo i. irif 
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*11 only the moat prominent of a long chain of dismal and catas¬ 
trophic events which have year by year added proof of how hollow 
was that victory gained at such terrible price in 1916« 

The soldiers of 1914 were not responsible for World War I # 
though some of their doctrines concerning mobilisation clearly 
made it more difficult to prevent. The war would in any case 
have been costly, but certainly the doctrines which ruled the 
western allies and especially the French general staff made it 
far more costly than it need have been. Any war inevitably 
means killing and great loss of life, but World War I suggests 
that it makes a good deal of difference how it is fought. The 
generals of both sides were imbued with the idea that "war contains 
its own logic," and that the single object was to win, forgetting 
that for the nation the word "win" must carry a meaning beyond 
the mere collapse of the enemy. 

On the allied side, especially among the French, there was 
in addition the religion of the offensive, which the Germans shared 
but with notably less fervor. The allied captains were always 
preoccupied with what they were doing to the enemy, never with what 
they were doing to themselves. In a long series of dreadful and 
ftitile offensives designed only to "wear out the enemy" they sent to 
destruction those millions of young men whose existence was so neces 
sary to give meaning to any victory. They were contemptuous of the 
politicians because the latter were concerned with casualty rates. 
And in their contempt they succeeded in imposing on themselves about 
twice the rate of casualties they imposed on the Germans. 
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We must always remember the Douhet offered hia thesis as a 
superior alternative to the insensate bloodbaths of World War I, 
which destroyed the real fruits of victory in the pursuit of the 
mere symbol of victory and which Douhet condemned in two of his 
most eloquent chapters.^ And let us remember too that the sol¬ 
diers of World War I were professionally competent men. It was 
their horizons rather than their skills which proved so disas¬ 
trously limited. They were confident they had the right answers, 
and there is nothing in the stars which guarantees our own 
generation against comparable errors. 

***** 

In our own time we have witnessed the ultimate segregation 
from the other military arts of the pursuit of military history, 
which used to be the essence of theoretical study in strategy. 
Military history has now been turned over entirely to professional 
civilian historians, working either privately or under the employ¬ 
ment of the services. The result has no doubt been better history, 
but also a profusion of volumes and monographs which the profes¬ 
sional officer has neither the time, the incentive, nor the train¬ 
ing to master. One natural result has been the divorcement of 


10 Chapters I L II of "The Probable Aspects of the War of the 
Futurecontained in Douhet, op. cit .. pp. 146-77. 


doctrine from any military experience other than that which has 
been intensely personal with its proponents. That fact helps to 
explain the persistence of deep controversies where each side 
implements its arguments with historical "facts" which, whether 
or not accurate in themselves, are almost always distorted in 
being wrested out of context. 

World War II was certainly the best recorded as well as the 
best reported war in history. It is not the availability or lack 
of availability of the pertinent facts, but rather their volume, 
and the magnitude of the event they describe, which makes it so 
difficult to form a Just appraisal of any one campaign in the 
light of its total context. Naturally, the problem is made a 
good deal easier if one is emotionally committed to certain con¬ 
victions which one wants to prove. 

World War II brought Douhet*s doctrines their first major 
test. Before we consider the results of that test, it might be 
well to summarise as briefly as possible the gist of his thought, 
which was far from being simply an advocacy of the kind of 
strategic bombing that was to develop during the war. His was a 
we11-integrated philosophy, argued with exceptional internal con¬ 
sistency and built up with impressively rigorous logic. If any¬ 
thing was wrong with his system, the fault lay not with his 
reasoning but with his premises. 11 


11 The best source in English for Douhet*s ideas is of course 
the volume of his writings cited above. Rut. A *hnv*t. atiK.f 
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Douhet rioted hie thesis fundamentally on what he deemed to 
be the contrasting situations on land and in the air. In land 
warfare the defensive had proved itself (in World War I) vastly 
superior in intrinsic strength to the offensive, and this super¬ 
iority, which resulted from improvements in fire power, was bound 
to progress further in the future. Ground fronts would therefore 
be static henceforward. In the air, on the other hand, the of¬ 
fensive was absolutely supreme. And since Douhet attributed an 
enormous destructive potential to a modest weight of boobs, and 
also believed civilian morale to be altogether incapable of facing 
up to bombing attack, he concluded that victory would be won, and 
flulqkly, by the side which was able to get cosmand of the air and 
attack the opponent*s sources of strength at home. Cosmand of the 
air was won not by fighting it out in the air, since interception 
was wasteful of resources and could not be relied upon, but by 
bombing the enemy air force at its bases. Air defense in all its 
forms, including interceptor aircraft, was futile and wasteful, 
both because it was vulnerable to bomber action and beoause the 
end would come too quickly to permit the attritive effects of air 
defense to develop. The quick end also enabled one more perfectly 
to Ignore the land front. 

From these premises and propositions one could only deduce that 
the major portion by far of the nation*s military resources should 
be concentrated in its air arm—the land and naval forces needed 
only enough to carry out their easily accomplished defensive 
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function -- And thAt the Air Ann should be comprised entirely of 
offensive forces dedlcsted to what we would now cell strategic 
bombing. His operational slogan was: "Resist on the ground in 
order to mass ^and attack/ in the air." 

And how did these theories fare in the great test? The answer 
to that question depends on the level of generality on which one 
seeks confirmation. If we disregard for the moment Douhet f s overal 
vision (which prompted the effort that was put into strategic bomb¬ 
ing) and consider only his specific assertions (which considerably 
influenced the way the effort was expended), it is clear that in 
World War II Douhet was proved wrong on almost every important 
point he made. 

Let us be clear that World War II was a fair test. It began 
fully eighteen years after his Command of the Air was first pub- 
lished and thus after considerable advances in the technology upon 
which Douhet has rested his thesis. And while none of the bel¬ 
ligerent governments was anything like fully committed to his 
ideas, it is nevertheless a fact that the bomber fleets which 
ultimately took to the air were vastly greater, by several orders 
of magnitude, than those that Douhet thought would be sufficient 
to win a decision in a matter of days. The tonnage of bombs dropped 
within Germany alone were in wholly different realms of figures 
from those which populated Douhet’s fancies. 

Yet the evidence that the Allied bombing of Germany made a 
really critical contribution to the winning of the war is on the 
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whole fairly equivocal. Certainly it is clear that whatever 
important military results followed from the bombing did not 
come quickly , and as we have seen, speed of decision in the air 
battle was vital to the integrity of the Douhet argument. 

On more specific Issues the tally of findings against Douhet 
is impressive. First, land fronts proved to be anything but 
static. Whole nations fell before strategic air attacks could 
fairly begin. Secondly, the fact that bombing could not bring 
anything like the swift returns that Douhet dreamed of and that 
vastly greater tonnages than he called for were necessary to bring 
any returns at all meant inevitably that defenses against air 
attack proved far more effective than he expected, Douhet did 
not deny that fighters could shoot down invading bombers, but he 
was able to postulate a situation where an attacking force could 
lose one-third of its strength on the first day of a war and then 
go on to win,^ In World War II, where the bombing campaigns were 
trucking operations requiring repeated hauls by any one aircraft 9 
attrition rates of 5 to 10 per cent could be serious to the 
attacker, The Battle of Britain resulted in an outright victory 
for the defense, and it does no good to say the attacking Germans 
"did not understand air power"} they were at the time quite 


12 For an evaluation of our World War II bombing experience, as 
reconstructed mainly from the U, S. Strategic Bombin* 

What i t^ai 0,.* 15? 


literally following Douhet’s precept8. The Allied assault on 
Germany resulted in a complete Allied victory in the a^r, but 
it was touch and go during more than one phase of the operation, 
and if the Germans had played their hand better--for example, by 
pushing rocket and jet fighter plane production--they might have 
made our losses prohibitive* Even the antiaircraft gun, which 
Douhet so much despised, enjoyed the considerable respect of 
bomber crews* 

The assault on Japan was another kind of case* As a test 
of Douhet*s ideas it was vitiated in several ways, particularly 
by the fact that Japan was a defeated power--and recognized to be 
such by her military chiefs, especially of the Uavy--before our 
strategic bombing campaign was well begun. That is not to say 
that the bombing did not pay dividends; it certainly induced the 
Japanese leaders to acknowledge their defeat by surrender* But the 
origin of the defeat lay in other realms of action* In both 
Germany and Japan, the effects of bombing on civilian morale, and 
the effects of depressed morale on the strategic decisions of 
the leaders, turned out to be far less than Douhet predicted* 

In one important respect. World War II was a better than fair 
test for Douhet, because there was for four years as static a land 
front along the Channel as could possibly be imagined, and this 
for reasons the exact opposite of those that Douhet presented* 

The surface stalemate in the west resulted not from the strength 
of the ground defensive, but from the swift and overwhelming 



affensive in 1940 of the German armies, which defeated the French 
ind cast the British armies out of Europe* At the same time, the 
gigantic land and naval operations taking place in other parts of 
*he world, especially eastern Europe, gave an enormous assist to 
ihe effectiveness of the allied strategic boobing in at least two 
fays* First, that fighting absorbed huge German resources which 
night otherwise have gone into the defense against oar strategic 
>otnblng* Secondly, it put an enormous strain upon the German 
allitary economy, thereby making the German military posture far 
lore sensitive to the effects of destruction from the air than it 
light otherwise have been* 

If we were considering World War II as a test of strategic 
tombing per s6 rather than of Douhet's particular theories, some 
hinge would have to be said on the other side* First, we learned 
.he importance of proper target selection and of the dependence of 
hat selection on good intelligence* The two target systems which 
•eally paid dividends were, first, German oil production and 
issociated chemical industries, and secondly, German internal 
ransportatlon* Both systems were attacked late in the war, the 
atter almost at the very end* One of the reasons we attacked oil 
nstallatlons as late as we did — the big attacks did not start‘ 
ntll Kay and June of 1944 — was that we had all along assumed the 
ermans had oil stocks which in fact they did not have* Douhet did 
ot prepare us for those lessons} he almost entirely neglected the 
mportance of target selection and of associated intelligence* 



Also, we learned after the war that the attack on enemy morale, 
had been in the net a waste of bomba, which means a waste of perhaps 
half the total tonnage dropped or more. This was an error which 
Douhet helped to propagate. The effects of the bombing on enemy 
morale were not trivial, and they are certainly a complicated 
thing to analyze; but it is abundantly clear that the deterioration 
of enemy morale resulting from bombing did not have important effects 
on military operations or on the outcome of the war. Finally, we 
learned that it was most important to overcome enemy air defenses, 
which meant, among other things, considerable dependence on escort 
by long-range fighters. Assuming we could apply those lessons to 
another strategic bombing campaign otherwise falling under World 
War II conditions, our stratigic bombing might have far more pos¬ 
itive results and certainly achieve them more quickly than it did in 
that war. That is not the same as saying that Douhet’s theories woul 
be confirmed, except in grossest outline. 

Let us also remember that in World War II strategic bombing 
returned important indirect results besides its direct ones. And 
it was, after all, the only way we had prior to the landings on 
Italy and Normandy of striking at German power in Europe, and doing 
•o while it was so heavily engaged against the Red Army. 

Thus, one should be inclined to doubt the trite expression 
that generals always want to fight the next war in the way they 
fought the last one. If our Air Forces were guided by a consider¬ 
ation of their greater successes as against their lesser succesres 
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in World War II, they would today favor emphasizing tactical as 
against strategic boobing* Thsre was hardly a mors awe-inspiring 
success in 'World War II than the air operations in preparation 
for and attendant upon Operation Overlord, the landing on Normandy. 
The fact that the emphasis continues to be on strategic bombing 
is certainly not proved wrong by the experience of World War II, 
because the weapons and circumstances of today are vastly dif¬ 
ferent from those of World War IIj but it does recall Samuel 
Johnson*s observation on the second marriage of a widower as 
representing "the triumph of faith over experience." 

***** 

But now we must consider the effect of nuclear weapons of all 
sizes and in large numbers upon the Douhet philosophy. Surely if 
it had not been for the atomic bomb, other advances in the tech¬ 
nology of our time would have caused the Douhet thesis to die a 
natural death. Long-range boobing today would have to be done by 
jet bombers, which are much more costly to acquire and to operate 
than World War II types. We have very reason to suspect that even 
with jet bombers attrition rates in deep penetration sorties would 
be materially higher than they were in World War II. And in view 
of the very much longer ranges over which strategic bosibing against 
the Soviet Union would have to be carried on, the H.E. boob load 
per unit of sortie cost would fall absurdly low. Even if we could 



' mak6 *very bomb dropped count for more than it did in World War II 
• because of better techniques and more knowledge about target systems 
it is hardly possible that we could win a war against the Soviet 
Union predominantly, let alone exclusively, by strategic bombing 
with H.E. and incendiary bombs. We might in a test find that 
strategic bombing even as a totally ancillary activity simply did 
not pay, except perhaps as a demonstration. The same would be even 
more true of guided missiles, because of their lesser accuracy, if 
they lacked atomic warheads. 

As we have pointed out, one critical cornerstone in Douhet*s 
philosophy was his assumption of a very high yield of destructive 
effects from a small weight of bombs. This was proved wrong in 
•World War II, but the fission bomb came along to rescue Douhet from 
that error and also to compensate for the much larger attrition 
ratas that we should now have to expect. This was a rescue of a 
ecmpletely unforeseen kind, but a rescue nonetheless. It is un¬ 
questionably a triumph for Douhet that he was able to create a 
framework of strategic thought which is considered by many 
responsible airmen to fit the atomic age astonishingly well. 

Let us go back to a period about three or four years ago. At 
that time our nuclear stockpile was much smaller than it is now, 
but what we had represented a monopoly. We did not have the neces¬ 
sary ground forces to make even a show of protecting Europe, and 
we clearly did not have the nuclear weapons necessary for large- 
scale tactical use if we were to carry out any strategic bombing 
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.salon at all* At that time, and for a limited period, we had 
• available alternative to a Douhet-type strategy. Whether that 
rategy would have been successful in a test is another matter, 
ere is no point in speculating on it now. The real question is: 
es that situation still apply? 

Certainly the enormous development of our military power since 
at time, and the rapid growth of our nuclear stockpile, suggest 
at now we may have alternatives. One point that Douhet over¬ 
fed might have been suggested to him by the World War I 
perience with naval blockade. The effectiveness of the naval 
sckade was greatly enhanced by the huge land battles that caused 
i Germans to consume so much of their military substance. No 
ibt Douhet overlooked it because he was so sure that the effects 
the strategic bombing mission, and hence the end of the war 
lelf, would come swiftly. But the relationship between strategic 
ibing and surface action has tended in the past to be reciprocal. 

► large-scale consumption of military commodities in ground 
ion unquestionably makes the military economy more sensitive to 
X from the air. 

And yet, developments have moved so rapidly that perhaps even 
s argument is already obsolete. With large numbers of atomic 
pone, and especially with thermonuclear weapons, we do not have 
concern ourselves with the sensitivity of the enemy war economy, 
tainly we no longer have to concern ourselves with the finer 
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points of target selection* General obliteration takes care of 
both sensitivity of the economy and discrimination concerning 
targets* 

But now a quite different problem arises. The atomic bomb 
saved Douhet from oblivion* But it no sooner appeared than it 
began to be spewed forth in such numbers and began to wax so 
great in sise that it now threatens to go much too far in 
redeeming him from his errors* Perhaps, it is threatening to 
destroy his philosophy with utter finality. For we can no longer 
bask in the comfort of monopoly. Have we really considered what 
that change means? 

Douhet * s thesis rests on the argument that command of the 
air will be won very quickly, after which the winning side will 
have little to fear from the enemy’s air power. And what happens 

during the brief struggle for command? Let us quote the relevant 

passage: 


Viewed in its true light, aerial warfare admits 
of no defense, only offense. We must therefore resign 

offensi ves the enemy inflict a upon "**" 

work to 
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This idea is really quite sound in an age of H.E. weapons, 
but how does it look in an age of thermonuclear ones? What are 
we resigning ourselves to? Is it a military pinprick, or is it 
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national disaster of an unmitigated sort? And supposing we do 
achieve "command" in Douhet’s sense* Douhet conceded that 
command could never be complete in the sense that the enemy was 
deprived of all capability of flying; but he insisted, quite 
rightly for his weapons assumptions, that a small capability 
would do the enemy little good* But suppose that small delivery 
capability is associated with H-bombs? And what happens when 
long-range ballistic missiles with thermonuclear warheads come 
into being? Then there will be no such thing as command of the 
air* 

This brings us to what seems to be the crucial fallacy in 
the uouhet position for today’s world* It is the unquestioning 
and almost unconscious assumption, which he shared with Foch and 
other World 'War I commanders, that war is an end in itself, ruled 
by a logic of its own, and fought for nothing outside itself* 

This idea naturally implies that every modern war must inevitably 
be a total war, which must now mean pretty nearly total destruction* 
There is nothing right or wrong but thinking makes it so, and if 
all our military leaders, and the enemy’s too, are firmly wedded 
to such a conception, then of course it must bs true — because 
they will make it true* The Korean war did not turn out that way, 
but for that very reason it seemed to baffle us completely. 

So long as the view persist in high military and political 
circles that ggy war which brings the Soviet Union and the United 
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preparatory measures be adopted vrhieh insure that the opening of 
hostilities do in fact precipitate total war. It is obvious that 
one of the great inducements to the American leaders to keep Korea 
limited was precisely the desire to maintain a favorable posture in 
the event of a more direct challenge in a more important region. 

We must therefore proceed to rethink some of the basic prin¬ 
ciples, which have become hasy since Clausewits, connecting the 
waging of war with the political ends thereof, and to reconsider 
some of the prevalent axioms governing the conduct of military 
operations. What are suitable political objectives to be sought 
through military action in crisis situations, and what are 
suitable military measures for bringing them about? Above all, 
what are the available instrumentalities for assuring that 
military action does not proceed beyond the suitable? If our 
strategic air force is a retaliatory force, as is so often 
asserted, what kinds of action will it retaliate against? 

We are now obliged to turn against Douhet the very same 
castigation which he so eloquently hurled against the French gen¬ 
eral staff of World War I. What did they think their nation was 
fighting for? Certainly not the destruction of its future. The 
between then and now is a difference in the magnitude 
of the disaster we have to consider. The capacity of the French 
general staff to sacrifice the resources of their nation through 
the obstinate application of a fanciful doctrine was after all 
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group among their citizens who were relatively sound of mind and 
limb. Thoy could consume the commodities produced by their 
economy, but not the economy itself. The comparable power of the 
modem military planner, on the other hand, is for all practical 
purposes unlimited. He can guarantee a kind of war, which, because 
of the very exclusiveness of his preoccupation with what he is 
doing to the enemy, assures us of like destruction. 

One cannot assert that the Douhet conception, which obviously 
still guides our thinking and decisions on air strategy, is 
clearly wrong for today’s world. Eut it is legitimate and necessary 
to point out that vast and dire changes in circumstances are oc- 
curing before our very eyes, and that it is dangerous in the extreme 
to hold rigidly to the idea that all these changes merely implement 
and do not challenge a conception developed before these changes 
could be in the slightest degree foreseen. Douhet himself would 
not have done so. He was much too imaginative and original for 


that. 
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HEMAFKB CM THE EBSIQH, COtTOUCT, AND ANALYSIS OF LARGE AIR EXERCISES 


N. C. Peterson 

I oa a bit reluctant to stand before this group of practiced and recog¬ 
nised professionals in the arts of analysis and try to say something new and 
Interesting about the conduct and study of Air Force exercises. I expect 
that every point I hope to make is known by one person or another in this 
group. Let's then approach these remarks as an attempt to systematise acme 
of the things many of us either already know, or would soon realise if the 
appropriate circumstances should arise. 

These resmrks are not intended to be critical of analysts' past and 
present practices; rather, I propose to look at the practices we would all 
like to follow. 

We art to consider large Air Force exercises. Our point of view will 
be that of an analyst. Vfy thesis contains the following chain of argiaent: 

• The attainment of an appropriately precise narrative and numerical 
description of what happened in an exorcise--to the offense, to the defense, 
to the targets, in the data networks and in the several headquarters; and 
the «nvlro«mt in which these things happened—is an essential prerequisite 
to any correct recognition and understanding of what the exercise has to 
teach. 

e Many of the lessons taught by the exercise con be discovered and 

documented only by study of the description. 

e The preparation of the description demands the collection of certain 
kinds of information from all participating units; analysis of the description 

■ay require that further data be in hand. 

• The design of the exercise missions to provide the Information which 




it sought, the engineering of an organisation to manage the exercise, the 
nn«ing of the items of information which hare to he collected, the selection 
of sources for their collection, the preparation and distribution of suit¬ 
able data fores, and the selection and training of recorders demand that a 
considerable amount of staff and analysis work be done during an extended 
period preceding the running of the exercise itself. The amount of analyti¬ 
cal effort required represents, soy, the full-time work of • ere ml good i»sn 
for several months before the exercise. If this important work is ineffec¬ 
tively done, the exercise will be inefficient, for the added cost of this 
work is trivial in comparison with the aggregate cost of the exercise, and 
it can make possible the acquisition of treasndously more information than 
will otherwise be possible. In current Air Force practice, I believe this 
work is usually incompletely done. In order to improve this situation, the 
analysts should first insure their grasp of the work needed and then endeavor 
to persuade the ccanands that it would be much to their advantage to provide 
for its accomplishment. 

• Every large exercise requires temporary organisational revisions in 
the command and cress ml cations structures of the forces in order to create 
the exercise headquarters. These headquarters never function as smoothly or 
well as could be desired; do organisation functions well in the first hours 
of its operation. To help insure tbs smooth, efficient, and effective opera¬ 
tion of the co—ini cations and cc—and structures set up for on exercise, it 
would, nost probably, be worthwhile to conduct an ap p ro p riate command post 
exercise, without movement of units, before the actual operating exercise is 
attempted. 

These are seme of the sain points of my remarks; they show the general 
direction to bo followed. It will bo apparent as we proceed that tbs remarks 


emphasise exercises whose purpose la the study of tactica for offense forces. 

This selection permits statements to be made in more definite form than would 
he possible if the attempt were made to discuss exercises in general. 

The word H exercise" is loosely used in the Air Force to denote a rather 
brood band of activities; it will be worthwhile to pause here a moment to 
look at this band, because the kinds of information that can be drawn from a 
particular exercise, and the difficulty or ease of doing so, depend upon where 
in the band of possible exercises the particular one lies. An easy way to 
characterise an exercise to to observe the extent of its dsparture from the 
characteristics of an ideal test . In an ideal test the device or tactic under 
scrutiny is presumed to be in existence in practiced, workable form; the test 
Is conducted under controlled conditions (that is, observations ore made under 
specific, predetermined conditions or situations); and the data ore collected 
by export recorders and perhaps also by special instrumentation tailored to 
the test. The analysts provide most of the direction to test operations. 

An exercise, on the other hand, is primarily a military show. The emphasis 
is on the development of tactics, techniques, or equipment, on the aeintenance 
of proficiency in their use, or on the discovery of organisational or materiel 
requirements. The collection of dat a and the conduct of analyses are essential 
parts of both tests and exercises, but for exercises these activities are much 
more difficult and require more detailed and extended preparation. The diffi¬ 
culties arise from several causes, which represent departures, of greater or 
lesser magnitude, from the properties of on ideal test, namely: not all of the 
tactics or equipments under scrutiny are in hand in practiced, workable form; 
tbs conditions of the test are not closely controlled (indeed, one of the goals 
of an exorcise may be to investigate how wall can designed conditions be achieved 
by an operating force with incomplete specific prior practice); the data opera- 



tiona are frequently ao maerous and far-flung that data collection evsry- 
vhar« by expert recorders la impossible (and hence reaort mat be taken to 
recruited recorder* whose performance will reflect the temporary nature of 
their assignments); much apodal instrumentation, otherwise desirable, la 
inconvenient or infeasible; and the aenior exercise management la perhape 
leaa Interested In adequate documentation than In other facet# of the opera¬ 
tion. These properties of an exercise place all the more premium on the 
quality and completeness of the staff and analysis work done before, during, 
ami after the exercise. If thia work is inadequately done, much information 
potentially available, ie loet. 

It is unfortunate that in large-scale Air Force operations, staged for 
the evaluation of force tactics, the level of proficiency and familiarity 
required—on the part of those designing, those operating, and those record¬ 
ing—to nake the operation a test, is rarely achieved. The briefing, the 
sortie of the force, the execution of the tactic, the observation, and so on 
are not polished and hence a host of important effeate which, in any honest 
sense, arc external to the worth of tbs tactic Itself, either actually or 
seemingly assert themselves in its execution and Influence the success and 
the reputation which the tactic achieves. Among such effects arc: the co¬ 
ordination between individual aircraft in a formation > the coordination 
between formations) the pilots’ ability or luck in f i ndi ng the right tarots 
check-points, and let-down points* the fores’s withdrawal frem the exercise 
area in a manner which may or may not reasonably simulate wartime behavior) 
the dissemination of the word on the speeds and altitudes to be followed; 
the reliability of people's mamorles of new radio call-signs and special 
pr o ce dures, and so an. A further effect which has little to do with pro¬ 
ficiency, but which can very much bias the appreciation of a tactic, is the 
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wetter. Weathsr influences tte launching and recovery of aircraft, visi¬ 
bility, contrails, ground-speed, and radar performance. 

Ttere art tone good reasons sty the large operations are not, and perhaps 
should not be, tests. For ant thin*, the planner! usually hare a msAer of 
alterative tactics in mix*, that they want to try and, in point of tine and 
Monty oonsvsned, it would ti*ply be infeasible to exercise the force sufficient¬ 
ly to polish the tactics before evaluation is aVt— pted. Also, the consolida¬ 
tion of a large force for an operation secetsarlly involves temporary dislo¬ 
cations of personnel and equipmit and my result in a period of reduced 
readiness to face actual warfare. In theaters oversees, the conduct of a 
large operation involves diplomtic arr a n g e— nt s to clear an exercise area. 
Furthermore, may people feel it Is good for the Air Force to operate with 

orders now and then, to create and mints in a useful level of force 
flexibility. 

There la .Justification for emphasizing the importance of these "external" 
factor* to the success achieved by a tactic. The first thing which mat be 
recognised by operation piss—re is that if the operation is large, it Is going 
te be snwr MHng of a first rehearsal. To so— extant the force will be like a 
football tea* going into a gs— having studied its plays only on the blackboard. 

In racegnitian of this fact, provisions mat be node in the exercise design, 
an d Later in the coaluct of the exercise and its analysis, for the collection 
aid study of infermtien sufficient to suable the influence of the external 
factors to be described both qualitatively and quantitatively. One will be 
wholly unable to get down to a study of the tactics the—elves, which the force 
tea attempted, unless h* has, during tbs design, conduct, and pre lislnar y analysis, 
mde explicit and adequate provision for the identification of, and at least par¬ 
tial c—Denaatim for. all those inevitable effects. This work entails at least 



three Important consideration*: one is special provisions for collection 
of the essential i nrl i m—ntnl and performance data; another is the repli¬ 
cation, if possible, of aisslon designs; and the last is the conduct of 
sone analyses in order to understand hov to employ the information on the 
influence of external factor#. Far and away the nost difficult of these 
is the nr hi inner nt for replication of aisslon designs. Co—anders hate 
to drag things on. Analysts would do veil to eaphasiae at every possibil¬ 
ity that no single test or experlwint is ever statistically decisive. They 
should try to underline to all who use the reports of analyses hov very 
limited is the significance of Halted data. 

An operation of large forces does not have to be oil novelty, however. 

A great deal can be, and in certain instances is, accomplished by fores 
r— ii nilrrs toward sharpening the performance of their cn—mis. C<—anders 
should be urged to have their aircrews practice the components of fores 
tactics: teach pilots to fly a line abreast beyond visual range (score it 
by radar); have them practice the precise attainment, in both space and time, 
of unfamiliar check-points and initial-points; teach then to take off on tine 
and to observe radio discipline; urge offense force wing and squadron eo—and¬ 
ers to establish close cooperation with the radar stations in ths vicinity of 
their bases, so that frequent, snail, almost unofficial sub-exercises can be 
run and simply scored. 

let's now approach more closely the business of design, conduct, and 
analysis. Consider first design, and let's agree not to focus principal 
attention on the statistical aspeots of design. We have all studied the 
statistical design of experlnsnts and ve know that there are good designs 
and bad ones, that an observed quantity is not observed exactly, that data 
can be sour, that statistical controls should be built into an experiment, 



tha t the quality of our estimates la improved, in general, by repetition 
of experiments, and ao on. We all know most of these things, whether or 
not no pay attention to vhat w know. For the present, lot'a focua our 
attention cm a one aapecta of management of tha design, on some housekeep¬ 
ing chorea, and on iom notion# that hare to be kept in nind in order to 
and up with tha hope of a good exercise, one that will hare a high yield 
of information both par hour of unit flying and per hour of analyaia effort. 

■flha first questions in design are: What ia tha exercise for? What is 
the exarciae expected to find out? In rague tanas these aattera are usually 
suggested in the quotation of exercise objectives which cows down to the 
group fros Headquarters U3AF or tha lesser headquarters in line. 

In ay own experience with fire or six exercises, those object ires hare not 
bean at all adequately specified. And when they are not adequately speci¬ 
fied, there is opportunity for someone to say, after the exercise and the 
analysis: Why didn’t you people do such and so? Surely all of you hare 
have heard that sort of remark, and also: We wanted the distribution of 

tha distances of early warning, not the tinea; now coildn't you Just glance 
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back over your sheets .... (and there go another three weeks down the rat- 
hole). I believe it would be a good idea for planners to prepare, for 
approval by the chief, a memorandum of interpretation, when an exercise 
objective is received, which interpretation would state exactly what the 
planne rs will endeavor to draw from the exercise. It would conclude with 
a remrk that further information will be unobtainable since the flying 
schedule and the data forms will be simplified to the utmost, compatible 
with the objectives in the interpretation. In addition to the exercise 
objectives, planners should understand what the current operational prej¬ 
udices are. They should recognise that exercise findings which deal with 



controversial natters, in particular with. natters upon which important 
people have adopted a position, require vastly more substantiation than 
nan-controversial findings* Tou only hare to prove something once to the 
chief if he already believes it, but he won't doubt himself until you 
prove it several tines if it conflicts with his Jud«»nt. 

Karlnf the objectives and the prejudices in nind, the planners should 
"dry-lab" the analysis required to produce the information sought. Analyt¬ 
ical experience is invaluable in this work, for those who don't remember 
their chemistry courses, "dry lab" neons to do chemistry experiments in the 
library instead of the laboratory—to get precipitates fra* a textbook of 
compounds instead of at the bottom of a test tube. By "dry-labbing" the 
analysis, I aeon here that one designs a calculation scheme, or a set of 
them, that can produce all of the infoxmnticc sought in the exercise, and 
from the sehcme Infers what input information has to he collected in the 
exercise in order to carry out the calculations in earnest. The "dry- 
labbing" has to be done in sufficient detail to guarantee that all the 

of mput information which will he required are found, it la a great 
mistake not to "dry-lab" an exercise long before it is flown. 

With knowledge of the data requirements, as generated by the "dry-lab" 
work, one can begin to think of the kinds of missions that will be required 
to produce that data in usable amounts, and of the sorts of data-collect ion 
forms to be needed. Consider first the alas ion requirements. It probably 
happens that in most cases the grand strategy of the mission designs are 
directed by the chief or his deputy for operations. If, with reference to 
the "dry-lab" work, the mission schedule is found to be inadequate for under¬ 
writing conclusions on the questions posed in the exercise objectives, the 
planners should petition for revision of the schedule, and show proof that if 
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the schedule is not rerieed the analysis is going to degenerate into a salvage 
operation in which the staff tries to rescue what it can from chaotic inf crea¬ 
tion. 

During the course of the exeroieo design, analysts would be wise to bunt 
for information payoffs, in addition to those primarily sought, which can be 
bad for rather minor increase In the total exercise cost. Generally, an 
exercise is a tremendously expensive undertaking, and the direct coot of the 
design and analysis phases is practically negligible in comparison. Thus if 
an increase in the information payoff can be purchased by only proportional 
increase in the design aal analysis effort, the over-all exercise cost will 
be negligibly affected. 

And by the way, as a point of philosophy In design, I urge that in those 
exercises concerned with force penetration tactics, equal emphasis be given 
to inveetiffition of the losses inflicted by area defenses and by local defenses. 
It is usually not done that way. However, in a somewhat loose sense, those 
tactics which ore to be preferred for survival through area defenses are unde¬ 
sirable for penetrating local defenses, and vice versa. This statement is not 
to be interpreted strictly. Clearly, simple logic d em a n ds that in the study 
of penetration tactics, all the defenses to be penetrated must be considered 
before some particular mode of operation can be shown to be preferable. And, 
incidentally, if we are to be honest, we can consider only those local defense 
penetration tactics which will put the offense in position to launch weapons. 

It may be appropriate at this point to say a few words about the design 
of missions or tactics. All of us, I think, en,1oy doing the things we can do¬ 
ve like to exercise our capabilities. There is tendency to throw into force 
tactics the equipment on hand with insufficient study of whether that equirment 
contributes positively to the success of the tactic: “Take those .lannera out 



and Jam—lay a big river at dwLff across in this direction so the defense 
won't know what's going on—Send in everything else ve've got a half-hour 
ahead of the beaters and run their fighters out of gas." Sens tactics with 
no more foundation these have been token quite seriously at times. It 
isn't necessary to emphasise to this audience that such planning does not 
necessarily guarantee efficient utilisation of one's equipment and capa¬ 
bilities. The design of tactics should be based on a thorough study of 
the opposition—and I think these remarks apply os veil to the design of 
defense tactics as to offense tactics. In the instance of offense tactics, 
the planners should consider in detail the essential attributes of a defense 
system and its components, and should study, then, their ovn capabilities to 
find out vhat uses of which capabilities can interfere in specific ways with 
the performance of the defense, and thus make positive contribution to the 
success of the tactic. The combing-over of one's capabilities to find out 
vhat he really wants to do can be done systematically, and will be helpful 
in both the perfection of present plans and the generation of legitimate 
requirements for future equipment. 

Assume now that the mission or flying schedule is approaching final form. 
Before the planners admit that they are as little dissatisfied with It as they 
can honestly expect, the schedule should be searohingly examined again by the 
"dry-lab" technique. Also, the schedule ought to be padded a bit to provide 
sene flying that con, grudgingly, be cancelled because of weather or other 
causes, without making the exercise data hopelessly incomplete. 

The next step in the design is the preparation of the operations orders, 
Including the data collection forms. Thousands of matters have to be accounted 
for in the orders; some of these are particularly important to the smooth con¬ 
duct and analysis of the exercise, and insuring their presence in the orders is 



north special effort: 

Flr»t, a central, ovor-oll casmand headquarters with full authority is 
extremely desirable. This headquarter* ihould be re»pon*ible for all force* 
involved to the extent it ii feaiible to arrange this responsibility. Thl* 
headquarter* .hould be r*.pon*iblc for both mailing and disseminating to all 
participating force* all decision* in regard to any facet of the exorcise. 

It vould be most vise to train thi* headquarter* by a camand post exercise 
•case time before the operational exercise. Otherwise this •amevbat ad. h oc 
group ii not likely to function as well a* vould bo desirable. 

Hext, the orders should require an exercise critique to be held vithin 
a few days folloving the end of flying. The critique must be attended by 
the exercise ccs«ander and his staff and well-informed representatives of 
all participating units and organisations. The critique should direct its 
discussions toward the performance of the c crman d and camomi cations a true- 
ture set up for the exercise and the exercise environment, and should specif¬ 
ically avoid trying to anticipate the results of the exercise analysis. The 
critique proceedings should be private, informal, sincere, and off the record, 
with only summary remarks officially recorded. In this way people will be 
more free in their airing of congratulations and c<*plaints. The critique 
must here a strong chalram, and he should moke it his business to see that 
people do not use the fort® of the critique as a sounding board from which to 
advance preconceived notion*. Those who are to analyse the exercise can collect 
much valuable information in a critique, for it involves people frocn all the 
spheres and levels of activity involved, and all the points of viev. 

Hext, the orders should help provide motivation for the complete execution 
of all the data collection forms, and detail the machinery for the collection 
of all the data records to same single place. 



Vhan thi orders are al 1 prepared, the analysts should procure a cce^plete 
deck of them and study them ia detail for consistency. All courses, briefed 
check-points, and targets, with the associated tines, should be plotted for 
guidance during the exercise touring, and for later use during the analysis. 

Consider now the data collection foras. From earlier work the planners 
know all the data item that hare to be collected. It is necessary to find 
at least one, and preferably three or four sources from which each item can 
be obtained. Redundancy of the data is desirable because the capability of 
people who are filling out forms for becoming inactive, or inaccurate is almost 
beyond description or belief. You people are all familiar with this human 
characteristic. When an observation is recorded independently by several 
sources, sour observations can frequently be spotted. Also if there are 
Multiple data sources, chances are that not all of then will he inactive 
simultaneously. 

Data Must be collected from the sources on prepared forms. The subject 
of data forms Is worth a full-dress study course in its own right. A few 
remarks on the design and use of forms are in order here: 

First, the execution of data forms takes time, and if this time is taken 
by people who ore actual links In the system under study, then the system is 
disturbed. Consequently it is worthwhile to have data collected by special 
recorders who are not themselves linked into the systsm. It is infeasible to 
have special recorders collect all data, of courar--only the pilot of a fighter 
can observe his airplane throughout its flight. Special data recorders ore 
usually much more reliable than recorders who are in the system. Pilot reports 
are particularly unreliable and should never be taken os primary data unless 
they are otherwise corroborated. The usefulness of pilot reports probably 
would be increased if, in seme way, pilots could be assured, truthfully, that 
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th«y would bs immune frc® retribution should they frankly record their actual 
actions, a pec if ic ally including their mistakes. I am convinced that much of 
the unreliability of pilot report* item* from their fear of looking bad on 
their record*, and fear of being reprimanded, or otherwise penalized for mis¬ 
takes. Pilot* need both protection from this sort of thing, and motivation 
to do good flying and reporting. It should be impressed on pilots that 
incorrect mission report* can lead the caamand staff into an Improper appreci¬ 
ation of the relative effectiveness or desirability of alternative tactics, 
and thus mey lead to a preference for inferior tactics. The Inferior tactic* 
could, in combat, force the unnecessary loss of pilot lives or result in other 

disaster. 

Nert, controllers should never be their cam recorders, since they ore very 
busy, usually, and also have a universal tendency to assign their failures to 
quirks of their equipment. All analysts know that "target fade" is meaningless 
in a controller's logbook. 

Hext, one should try hard to obtain from routine form* used in regular 
operation* meet of the data to be required. Special new forms always add to 
the olroady considerable burden of paper flowing through the force, they are 
not readily understood, and frequently meet hostility. 

If new forms must be used, they must bo carefully and cleverly worked out 
in order to be easy to understand, difficult to misunderstand, easy and fast to 
fill out, nnd easy to read by those who will use tho information. The forms 
should, to the maximum possible extent, be composed cither of questions with 
given multiple-choice answers, for which the correct answer can be indicated 
by a chock-mark, or of data entries which can be given by writing a mstber in 
a boot. Avoid asking a data collector to write a sentence. Never tell him to 
"nron out those answers which do not apply" for this instruction is invariably 



confuted. Never state question* in the negative. Never oak a recorder to 
suite a calculation. Avoid having a recorder draw diagrams; if diagrams are 
essential, provide printed coordinate grids and be particularly careful that 
the recorders are properly instructed and exercised. 

finally, a data recorder has to be motivated to do his work properly. 
Motivation goes beyond either instruction or command. The recorders must 
be shewn hew to fill in the fonts, what they are used for (in brood terms), 
be made to feel that the time he spends on the forma is veil invested, and 
he must be given cause to want to fill in the forms properly. He imist 
believe tha t every data entry on the forme it important. Accomplishing 
these thing* is a difficult but essential part of successful force exer¬ 
cising. The only way I know of whereby recorder* can be adequately moti¬ 
vated le through personal contact. It is helpful to show recorders the 
results achieved In previous analyses using their records. 

Consider now a few remarks on the behavior of analyst* and cornaanders 

during the conduct of an exercise. 

The commander should have at his elbow a statistician who knows the 
exercise plan inside and out. This arrangement may require clever selling. 

The ccewander will be less interested in the data than will the analyst, but 
the analyst can nevertheless keep him pooted on hew the Information situation 
la developin g . For one reason or another, missions are always being shuffled 
around, revised, postponed, and sometime* cancelled during large exercises. 

An analyst wired-in at the sanctum of command can sometimes provide uaeful 
advice to the chief on which missions are the more vital to the completeness 
of the data scheme. Thus if tome flying has to be cancelled, the analyst can 
attempt to insure that nothing crucial Is loot. 

The analysts should see everything they can during the exercise, and take 


copious notes. Tbs human momwry is unreliable. It is a good idea for 
rrsryooe in the analysis tea* to write up his notes into memoranda for 
circulation within the team. In this way, each can profit from the experi¬ 
ences of all in the group. 

It is important for each observer and analyst to visit, sane tine 
before the exercise, the place or places he will be during the exercise. 

The purposes are to learn where the place is, how it is laid out, how it 
operates, to meet and chat with the people and enlist their cooperation, 
and to arrange for a place to sit or stand where one will be able to keep 
track of proceedings without disturbing the system. These things must be 
done beforehand to avoid disturbing the system during the exercise. One 
should be careful during an exercise not to give away information to those 
who shouldn't hare it. Tor example, an analyst bursting into a 3CI at 5 a.m. 
with an expectant look in his eye could alert the watch that something is 

about to happen. 

It would be a good thing if the caammd staff could be persuaded to 
keep a record of incoming information and to permit a recorder to take notes 
on staff discussions during an exorcise. The records kept are usually only 
a log of outgoing printed messages; the discussions and verbal ccwsands are 
lost. A rather complete staff log would be Invaluable in the untangling of 
some of the knots of inconsistent data that may be discovered during an 
analysis. Analysts ore veil-advised to snatch up opportunities to interview 
c o—inde rs, staff, and crews when doing so does not disturb the system. 

Now the exercise is over but, for the analysts and sane of the ccasand 

staff, the work continues. 

It was suggested before that there should be held a critic of the 
cesnond and camsunications operations during the exercise. 



Th* analysis staff would b« veil-advised to ignore the fact that the 
operations orders, if veil written, will have set up Machinery for the 
prc*pt assembly at ease om place of the caaplete records collected in 
the exercise by all participating units. The Machinery aay be helpful, 
but to insure its action the analysts should disperse to each of the source 
points and hounu then for the records until all hare been accounted for. 

The exercise headquarters should persist long enough to help this work. The 
analysts should be emotionally prepared for the realisation that many of the 
reports will not hare been node out accordi n g to the letter, to say nothing 
of the spirit, of the instructions. Using the records will still be diffi¬ 
cult if all the recorders were properly instructed and motivated before the 
exercise. If they were not so instructed, long hours of frustration are in 

prospect for the analysts. 

We turn now to a few reMorks on analysis. 

The first big problem of tho analysis is to obtain a casplete description, 
in documented makers and narrative, of vhat each airplane and group of air¬ 
planes, the ground networks, and the c cre ss nri actually did in the exercise, and 
of what happened to thorn while doing it. This work nut precede any attempt 
at mssorical analysis, discussion, drawing of conclusions, and the like. If 
the exercise design has been competently dene, if tho data forma were well 
engineered, and were distributed, filled-out, and collected, and if there were 
no mijor upheavals during the conduct of the exercise, then this task, is rather 
straightforward, though at best it is laborious. On the other hand, should one 
of the preceding "if" statements not be realised, the Job of description May 
degenerate into the salvage operation mentioned before. 

For those who have not experienced what this Job of description can entail, 
let me create an only slightly exaggerated example. Suppoee we are dealing with 


an exercise designed to evaluate the relative reliability of a set of 
alternative via• Ion design* for getting an attack force through an area 
defended by radar-controlled interceptor*. The sequence of the enin erenta 
is: the offense forces approach the defended area, some or all of then are 
seen by radar, the radar information 1* evaluated and scramble order* are 
given, interceptor* rise and engage some or all of the offense, the surviving 
offense aircraft continue to target and turn hcnewurd. 

Ideally, the offense could provido, within the accuracy of navigation 
logbooks, a ni»ute-by-ainute record of the location, course, speed, and alti¬ 
tude of each of its aircraft, along with a notation of its base, type, time 
of take-off, call-sign, side markings, briefed IP's and target, briefed pro¬ 
file, the points where each is attacked, where each sights interceptors, the 
influence of radio J eating on communication, and the existence or absence of 
contrails at all points along the route. That would be the offense's picture 

of things. 

The defense network gets a different picture. They see pip* on radar 
scopes, they estimate speeds, altitudes, courses, and positions for the air¬ 
craft the pip* represent. But the defense isn't positive who ore friend and 
foe, it doesn't know for sure which aircraft are weapon carriers and which 
are not—*»ybe none or all are—end they don't know the intended targets. 

The d ef ense is unsure how many aircraft are present; they worry about being 
deceived. The defense gives each track it sees a number, and records load* of 
informtion on each one, from their viewpoint. Decisions are mads, disseminated, 

and recorded. 

How interceptor* leave the ground. An interceptor pilot see* many thing*, 
and records sene of it. If he sees an offense airplane, he has no sure way of 
knowing if it is the one he was dispatched and vectored to find. He knows hi* 



position only approximately, and can only guess the heading of the aircraft 
he sees. Sometimes he can read the Barkings on his target, sometimes not. 

The point of these paragraphs has been to indicate how the offense, 
the defense ground netvork, and the defense squadrons each build up stores 
of more or less inaccurately recorded information about aircraft sent, air¬ 
craft detected and tracked, and about aircraft sighted or attacked. But 
there is no Imme diate identification of a particular offense sortie with 
a particular radar track and with a particular interceptor sighting. Cu¬ 
riously this three-sided correlation is essential to the bringing together 
of all the information recorded on the actions of, and responses to, each 
offense aircraft. One procedure for approaching this correlation inrolree 
the use of plotted overlay maps of aircraft tracks. 

Eventually, the narrative and numerical description of the exercise is 
achieved and the analysis proper can get under way. This task, too, can be 
rather straightforward if the "dry-lab" York, so helpful in the design stages, 
vno well carried out. 

Let as close these remarks by recalling to your memories a fev of the 
arguments advanced in the previous paragraphs: 

1. The conclusions from an exercise can be documented 
only if one knows and can document what happened in 
the exercise. 

2 . Only if the influence of the "external factors" can 
be adequately appreciated and isolated can the con¬ 
clusions reflect the influence, an the results achieved, 
of the components of force tactics, or can whole-force 
tactics be fairly ranked in order of preference. To 
accomplish this isolation to a useful extent, very 


careful and explicit preparation* are required. 

The proper design of an exercise, to bo statistically 
efficient, conclusive, possible to describe and to 
analyse, and to make possible the collection of all 
the data other lnfonaation sought, requires a 
large amount of analysis and staff vork to be done 
before the exercise is flora. 

The cowiDd and coisaimi cations structures set up for 
on exercise should be given practice beforehand in 
order to Increase the likelihood that these structures 
will function smoothly. 

Foroe connanders can contribute much to the capability 
of their forces by a continuous program of scored and 
analyzed small exercises. 

There are a number of important steps that have to be 
taken in order to collect useful and adequate data. 
Among these are: 

The data requirements must be deduced. 

The missions must be appropriately designed. 

The data sources must be found and the personnel 
be trained. 

Clever collection forms must be engineered, re¬ 
produced, distributed, executed, and collected 
together. 

In the design of an exercise, analysts should search 
carefully for lnfonaation payoffs, beyond those orig¬ 
inally required, which can be attained for negligible 
or minor increase in the over-all exercise cost. 



8. In considerations of exercises concerned with force 
penetration tactics, analysts are urged to give equal 
e^ipha 3 lo to investigation of the losses infliated by 
local defenses and by area defenses. 
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PREFACE 


be an over a?l su m *?" R ?. S " rch Laboratory Is intended to 

Its *^ , * ccon >pUshnu?nts during 

SumttoflDRC Die. 15 of the concrete“l e Ristory a state- 
-^fl 5,000,000 of public funds for^rflv " » Its by »» esffenditure of nearly 

to the Annual ReportofS? and is analogous 

since it gives a sitrvey of the over all^roKm researcher8 *" the field, 

in World War n. From the exoerien cfnt It ™ °* radar countermeasures research 

gam some idea of the problemrwhich mfj* PMt war » il Bhould ** possible to 
prooiems which may come up again in any future conflict. 

Part7“ With tJMi re P° rts entitled “Summary Technical Renort 

in satisfaction of the terms of Contract OEMsr-dU^ * Rep ° rt 01 Ftodto «» 

Acknowledgement is due to Oswald G vilimi 
sponsibilily for compllta, Bu, pete,, ^ S5w5^ftaU^po* 

Frederick Emmons Termaa 
Director 
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I. INTRODUCTION 


The successful prosecution of the war demands that the enemv hedenindo^' 
use of any weapons which he may bring to bear against us. This d enial should be 

Se C S„ t L^ Slb iL Wlthla tt# *■ S 

2^d thfJhSSe^ an8wered fa y 1**01 Plsuaesand destroyers,*’ 

flS. *“ MSVtrt4 b y fut Alters »®d accurate 

States Tim*’® "fT/ *f to W f°‘; ld War n bought about immediate changes in United 
v Ji* toTS ?.* 1 y ta rel * tlon 10 r * dar - Prior to Pearl Harbor, the task Sul 
\ u " to devel °P lb* "*w technique, and to evaluate its possibilities After Pearl 

^shifted to the quantity production of radar developments as required. PnM 

\Radar countermeasures followed much the same course. Prior to the war 
some research work of a long-range character had been carried on in Service * 

aarusefaf to*hi PearI H "’b° r * il b*c*me clear that if the enemy's radar was 

as useful to him as we expected our own would be useful to us it would he necenur* 

o put a major effort into developing countermeasures against’speciflc German * * 

ESrX&rSr- VO* feeUn * *“ "forced byt£ experiencejfthe 
who already used radio and radar countermeasuressuccessfuUv in 

^ h0 “* Und ' “ i * tUched • ««b - increasinVKrtS 2 

In the realization that an expanded research and develooment nrmrram mnu 

NaS2 l Sfe«e S p rVlCeS |f 0 ^ TOUy r "* ue » ted » Ut * ta Decenfber, Ifillfthat thT^ 

1 *** Research Committee undertake a project in the field of radar 

JTffiSST* TOS 18 8 "*■* 00 *b* laboratory wWh was SSSrtStim' 

we a i^^, C ^t r '!! < >SUreS . depend the fact ***** radar has certain fundamental 
weaknesses which, when systematically exploited, can remove a verv Un. ““ 

cMw.cfttu.blm.. Became. „dji ,^5 ta? cl. 

radio euuoo, it can be located and pla-polnted Mth lb. aid rtradtodSJcita - 
finders. Because it is constantly sending out strong radio signals It can be heird 
at a great distance - in fact, at a much greater dStince Si 
which it can detect an object. Moreover, since a radar depend! fw^SJIXL * 
on the weak echo returned from a distant target, it can be Smmadm.•k»!!u^^L. 

adar s frequency channel. Finally, Since radars cannot distinguish iiu . n ,. 

»brcolr.u 0 «l,imiob*urahu.hip.oriSK oK^^yS^tra 
brieu coo.latlo, of duo, .trip, ot Unloll Moral to ill fr£l,^£jl 

. J 11 *? 1 “ *5i ot b er weaknesses of radar were fully exploited br the Radio 

“PaffiST? V-- —« *■» - Starting out in * 

with less than 25 employees, it had grown bv August lou ta it* 

strength of some 810 persons, A total of $15 000 000 was anfnf™ 

mod * 1 c «“tntction.’ An’addltioiial f |71000?waa spates 

SwaiM IS fAB7 r fs? I Jjlf 0 k lt0ry If* EofUad " A ®* r *an British Laboratory^* 
Division IS (ABL-15) which was administered and staffed through RRL. ud at it* 

maximum had over 70 employees. Over 150 equipments developed st MIL were the 


- ---MMHMNwrig mm luuica iDroucn J 

maximum had over 70 employees. Over 150 equipments developed i 
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basis of service procurement. Service orders for these de wtopm«^bUlled 
$242 000,000, or 570,000 items, of which $160,000,000 worth ( 427 j0W 
delivered by October! 1945. H.e number ol items is eselusltre *J“ C ‘ 

some 30,000 tons were produced. Thus every doUsr " * Rl 

resulted in over ten dollars’ worth of equipment delivered to the Services. 

In addition, the Laboratory built, or had built under sub-cor.tract, s ome 2,999 
items of equipment, worth $2,680,000, which were turned over '**£™*~** 
test and experimental field use without transfer of funds. In cases whereuiis* 
operational need existed for equipment which could not be procured ^^mebytije 
services in any other way, the Laboratory produced or arranged for the production 
of an additional $2,805,000 worth of models for .which OSRD was reimbursed by a 
transfer of funds. Of this amount, $1,910,000 was spent for three 50-Wtowatt 
■Tuba* jammers turned over to the Royal Air Force (RAF) and paid tor by the 
British through Lend-Lease. The remainder, $895,000, represents the cost of 
over 460 additional items ‘crash* produced for the Army and Navy. 

Since the Service orders for ail countermeasures equipment approacKrtl 
$300 000 000, it can be seen that in dollar volume, countermeasures represented an 
activity almost one-tenth that of radar itself; yet the National Defense Research 
Committee (NDRC) countermeasures program got under way roughly a year and a 
half later than its radar counterpart 

The task of supplying equipment to blind the enemy radar eyes , wherever 
they were encountered, presented RRL with many Problems thatwereunique to 
almost no other field of wartime research was the work which was done tied to so 
closely with tactics - not only our own, but also enemy tactics. Since 
tion of radar countermeasures requires both a knowledge of operational plans and 
intelligence information about the enemy as well, it is no surprise that the research 
work had to be carried out with the greatest possible security, to addition, the 
constantly changing nature of the enemy tactical and technical position, and our re¬ 
lationship to it, made it necessary to supply finished countermeasures 
the Armed Forces with a dispatch greater than that needed in , c “* 
electronic equipment. This accelerated pace meant that many of ttatttetotod* 
cisions had to be made with what would be, in normal practice, usuffictent^infor¬ 
mation. The success of the countermeasures program as a whole, however, oe- 
monstrates that the enemy was thoroughly out-guessed. 

to addition to designing and developing the countermeasures equipments, RRL 
rendered many other important but less tangible services as well. Byserving as 
a central clearing house for radar countermeasures (RCM) information, RRL 
helped by keeping aU concerned up to date on the latest events, By f< 
progress of its developments from the time they left the L J or,t °^ t f ) gucc *ss 
they were in operational use, RRL provided a follow-through . ssential <*> the success 

of its share of the program. An important part of this phase .-f tl*' t 

Laboratory’s technical observers and field representatives, of which 74 were mw 
to the European theater,principally through ABL-15,17 to the Mediterrane » 

and 23 to the various Pacific theaters. 
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H. ORIGIN or RADIO RESEARCH LABORATORY j 

«nemy rt^r^evibpSnwiw^tlw ^DOsaitaTf* “JU* Un,ted SUte * m °* sUW f^ 
ImouTj that the British were plannu»o P ^n. 8l f lllU< " °* radar countermeasures. U was 
few details or the e^m7£^ ,gUn#t <*'— '*<but 

whether or not the Japanese h£f radar. ” JlaWe * 11 wts not *nown for certain 

particular, the Microwave l " aniount of thotfght. In 

a radar search receiver for the frequewvnu^tS 5f d y* 1 °P mcn ‘ <* 

reports, the German radars were^wJS,.^ * ' “ ccord >* ,0 

and NDRVreJ™M„u”vM^ 27 between Navy 

NDRC for the estabLshmVnVLTco^t^.» “ °®««* req»«t would be Mat to 
This request went forward immediately and * B< de,r,top,T,ent Cr°uP- 

to the Radiation Laboratory "t the i£«aS^ e ?» te »P"vUy assigned 

bridge. Mass. Dr. F. E. lirman tMn TStZiSJn** 01 Technolo n •» Cam- 
mem at Stanford Universltywu 'selected^! Eectr ‘ cal En ««eeriiig Depart- 
cruituis of key personnel S^.t^LsSL ,^7 * ^ “ e * «*' 

the time Dr. Terman arrived » r a «k!.7“ had already been obtained by 

were made available to the new project intoe m 1& * 2 ' Tena P° r * r y quarters 

oratory. Effective March 21 IM? Buildu, S ■* °* Radieticn Lab¬ 
covering the countermeasures rwe'sKh”"' ver5, ‘ y M NDRC contract 

ferred from M.I.T. to Har™ d ”11^2 WOrk *•» t«i»- 

equipment was moved to Harvard' where R * di0 Research Laboratory's 

University's Biology Bu.ldtog ' »*bor.tory was set up in a wing of the 
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in. ORIGIN OF A PROGRAM 

nf -ISf" 1 ° f tasks facing the Director of the new project was the matter 
ring P ers ® nn el, since by the time RRL was started, most of the major U 8 
artime research projects were already underway. The Laboratory's first* 
Associate Director, Dr. R. W. Hickman of Harvard University's Cruft Lahoratnrv 
provided Invalnrtile assislanc. m u,, rwndli^pk, itofXSZt*' 

ume went on more and more sources of manpower were found etnr* m,i, n ~J, 
arrival seemed to know of one or two friends who might be available. In this wav 
asso f iates at ** Laboratory increased almost Unwly *’ 

SLrKCits■— • *— 

proporuon of its television research staff wai made a“ {able for 

Mr J foh n° me °l °lf ? e . mbers of ms group * such as Dr - p eter Goldmark and 

®rws 

=sjs z& m J2szxszsr * rrl - 

r« c »Ji ie ». SeCUrlng or B anirin K of the necessary facilities needed to carrv out a 

ea?ly da h ys Pr °MacWn C e 0 tSls e tt* fT , P ° rtl0n 0f 0,6 tlroe of ML ’ S Personnel in the 
eanyaays. Machine tools, electrical equipment, radio carts etc ail had ♦« k. 

■SB l^uT n ***** “ tato operaUon in the shortest possible Ume 
stffrtrfKr 1 ° £ r“ y new P roc edures, such as methods of handling ’ 
!“’“* c ° ntro1 of sho f work » etc-, which are taken for granted in long-estabXhed 
concerns. Secrecy requirements and increasing war burdens on the administratf- 

f a e ^«* nentS ° f °! e Universit y resulted in development of a virtually autonomous 
laboratory organization, with its own purchasing, expediting accounting and 

mMster , tta« 0n9 “f'H*,!“ !°f ““-"““hi”* operation. To orpnl»*iid 
minister these non-technlcel functions the University loaned Mr N Preston a««l 

« !^Z,«, Tre “"" r - *° "™ - >— »<“ laborstory through. 

TO mm ^ TT - 1 Ubor *'° r » r " b ' r ,0 ‘S’ISe hSS te 

To this end, informal courses and lectures were given, and much help was obtained 
2 Lab0^,t0r, SU " —*« *• « b«n 

Since RRL's assignment was very indefinite (the contract mereiv etatad n»i 
the Laboratory should 'work in the field of radarcoun ter measures'fit was nwes- 
sary to formulate a starting program on the basis of very little prior knowledge 
To give some idea of the difficulty of estimating the situation in the ££' 
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Figure 3. German *Freya* portable early warning radar 
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Figure 4. The Radio Research Laboratory's assignment 
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well-informed persons felt that the new countermeasures activity would become 
quite large, and might involve as many as 100 persons in all, or perhaps at the 
outside, ISO. The final strength of the Laboratory was actually five times that 
amount! However, in spite of the newness of the field, certain broad objectives 
were apparent from the start. Since rac.>.. t *.n be ‘'heard*, the need for search 
receivers with which to detect them was self-evident. One of the very first steps 
made by the Laboratory was to take over the search receiver development work 
instituted at the General Radio Company by the Microwave Committee. Dr. D. B. 
Sinclair, who had been in charge of this work at General Radio, was loaned to the 
RRL in order to head up the Laboratory's receiver development group. The group's 
first assignment consisted of developing improved tuning units to take the place of 
the two-dial units then being procured by the Services. A prototype of an Improved 
sunit was demonstrated at the Naval Research Laboratory as early as April, 1942. 


It was realized that radars, like any other radio device, could be jammed. 
However, it was by no means clear how much power would be required to do this, 
nor was it clear what type of jamming signal would be most effective in accomplish¬ 
ing this purpose. Moreover, it was realised that radar deception by means of false 
reflecting objects would probably be almost equal in importance to the jamming of 
radars by means of radio transmitters. Proposals for reflecting devices made out 
of short lengths of wire, tetrahedrons, etc. were under consideration from the very 
start. 

It was also realized that a good portion of the early effort should be devoted to 
operational testing, indoctrination and training. For this reason, plans were under 
consideration from the very start to obtain aircraft for test and demonstration 
purposes. A well-equipped 'Flying Laboratory* would not only make possible 
studies of the best way to jam radars, but would also assist in connection with 
operational studies of the effects of jamming. 

Important adjuncts to search receivers are pulse analyzers and panoramic 
adapters by means of which operators can analyze the characteristics and deter¬ 
mine the nature of an unknown signal. RRL investigated the existing developments 
along these lines, and soon came to the conclusion that they were adequate for the 
job in hand. Effort, accordingly, was concentrated on other problems. 

Since it was known that the British had extensive countermeasures experience, 
the first step in working out a countermeasures development program was obvious. 
In order to become familiar with British experience ami plans, the Director of RRL, 
together with two key Navy officers in the countermeasures field, flew to England 
in April, 1942, and carried out a comprehensive tour of English countermeasures 
laboratories and establishments. 
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IV. A SHORT HISTORY OF THE LABORATORY 


Uv the end of May, 1942, Dr. Terman had returned from a six weeks stay la 
the United Kingdom. At that time, the Laboratory’s total personnel numbered leu 
than 100 persons. Nevertheless, the program was fairly clear: the immediate Job 
was to find out what could be done with radar countermeasures, particularly in the 
frequency ranges in which enemy radars were known to operate. One Laboratory 
„roup tackled the Job r-? designing Jamming transmitters for the German •Wurzburg 
anti-aircraft fire-control radar frequency range; another went to work on Jammers 
for the lower frequencies in which the German “Freya* warning radar as well as 
most operational U. S. radar were to be jound; a third undertook receiver develop¬ 
ments; a fourth tackled the general microwave field, and a fifth studied the effect 
of j amming on representative U. S. radar systems. 

Shortly after Dr. Terman’s return from England, it was agreed that random 
noise modulation was probably going to be the most effective for jamming. Mr. 
Dyer was asked to see what could be done about developing a better noise source 
than that provided by the traditional unsaturated diode. Several days later, he had 
uncovered a new and far more effective noise source (a photo-multiplier tube) and 
had already put it through preliminary tests. By one week later, the tube had been 
thoroughly proved and its possibilities were well understood. Tens of thousands 
of Jammers ultimately used this noise source. 


Not long thereafter, several experimental low frequency jamming transmitters ^ 
were completed and tested in the course of flights against representative U. S. 
radars. An experimental 200 Me Jammer successfully put an SCR-268 radar out at 
action during a course of tests at Cambridge. Somewhat later, an improved 100 Me 
Jammer was similarly tested against an SCR-270 early-warning radar at Wright 
Field with excellent results. 


By the end of 1942, the Laboratory had not only been formed and organized but 
it had a good share of its growing pains behind it, and could look back upon solid 
accomplishments. The project had been transferred to Harvard and was «*“ 
settled in its new quarters in the Biology Building. Additional space was provided 
by a two-story wooden structure built on the roof of that building. 

Actual Right tests had demonstrated that both early-warning and fire control 
radars could be successfully Jammed with relatively low-powered jamming trans¬ 
mitters, and experience had shown it possible to build a Jammer of r *“ ( *“* 
weight and power drain packaged in a standard lircraJtlrK*. A newr andI ’ 

ably efficient source of noise energy had been developed in time to 
the two jamming transmitters (Mandrel and Carpet) which were ‘^ady being^pr^ 
cured by the Armed Forces. Two receiver single-dial tuning units luto by tW* 
also gone into procurement - the same two units which proved to be the basis l«r 
almost aU RCM search work during the war. Also ready for procurement by toe 
end of the year were the Autosearch (AN/APR-2) and Zero-Catcher (RC-1®4) 
ceivers, although these did not turn out to be as important operationally as me 
other units. Other important receiver and transmitter developments were nearly ^ 
ready for procurement at this time: the Rug Jammer (AN/APQ-2), and «« an/afr-s, 
AN/APR-5, and AN/APR-8 search receivers. The latter two ” ce ^' r “^1000to 
possible by the development of a satisfactory local oscillator, tunable from low 
3000 Me for use in microwave superheterodynes. 
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Figure 6. Early experimental Mandrel-type Jammer 
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A^oT the first of January, 1943, the Laboratory was at nearly one-half its 
^ftnal strength (in terms of research personnel), and more had agreed to come 
later. The early difficulties of finding qualified men is the already combed field 
seemed to be over. The Laboratory had been visited by many important person¬ 
ages in the radar and countermeasures field, and an Impression was rapidly grow¬ 
ing in Service circles that countermeasures were going to play an important part 
in the war. Early uncertainties as to the direction of the work were over, and 
Laboratory felt itself in a position to evaluate its own program on the basis of the 
experience it had accumulated. Flight tests of new developments could now be 
carried out with ease, since by this time the Laboratory had its own aircraft »"»i 
communications facilities established in a hangar at the East Boston Airport. 
Moreover, full scale jamming tests were made possible by representative D. S. 
radars mounted on the Laboratory roof and operated by Laboratory personnel. 

In November, 1942, the first of a group of RRL engineers were sent to Pw gianH in 
order to assist the British and to help keep the Laboratory informed of new de¬ 
velopments in the United Kingdom. 


Finally, in December, 1942, the first Laboratory-built equipment to be in¬ 
stalled in an operational aircraft was being fitted in a B-24 aircraft ordered to 
scout Japanese radar defenses in the Aleutian Islands. 


The events of 1942 set the pattern for what was to follow. The possibilities 
of RCM had been defined, and the objecti ves were clearly in view. Early in 1943 
the Laboratory’s program went into high gear; during the entire year many changes 
and much expansion occurred. The technical staff doubled in size, while the total 
of all personnel jumped from 275 In January to 725 in December. In August, 1943, 
the available floor space was nearly doubled by the addition of a temporary wooden 
annex to the Laboratory's wing of the Harvard Biology Building. 

During the year the large number ofHevelopments which went into procurement 
brought about a natural change in the overall apportionment of the Laboratory's 
technical effort. As more and more receivers and transmitters =»tn«g r a 
proportionately large effort had to be devoted to designing antennas to go with t he m, 
An outstanding antenna development engineer, Mr. Andrew Alford, was obtained to 
head the antenna group. 


The importance of RCM was recognized by the NDRC late in 1942, and Dr. C 
Guy Suits was made Chief of an interim 'Section F'. Early in 1943, Section F be- 
came Division 15 of the NDRC, which was made responsible for all phases of radar 
countermeasures activities. The effect of this consolidation of the RCM effort meant 
increased support for RRL, and imparted an increased impetus to the work. Dr. 
Suits encouraged expansion of the overall activity. To him belongs credit for the 
introduction of a comprehensive countermeasures tube development progr am which 
began originally at the General Electric Company and was later extended to other 
Division 15 contractors. Dr. Suita also deserves-great-credit for or ganising the 
Division 15 communications countermeasures program. By arrangement with the 
Army Air Forces, a Division 15 field testing station was set up at Florosa Field. 
Florida, an auxiliary of the Proving Ground Command's Eglin Field. The Florosa 
Station was Jointly operated by Army and NDRC personnel, most of the latter comine 
from the Radio Research Laboratory. This station made possible flight tests of^^ 
RCM equipments under conditions far more nearly operational than was 
anywhere else. 


In order to give manufacturers every possible assistance in the rapid produc¬ 
tion of RCM equipment, the Transition Department, which had been set up in 
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November, 1943, vu greatly expanded and given lull responsibility for Laboratory 
equipments after the original development work had been completed. 

In the summer of 1943, Mr. J. F. Byrne was made Executive Engineer of the 
Laboratory, in which capacity he was responsible for the work of both the equip¬ 
ment-design and modeh-shop-productlbn groups within the Laboratory. Experience 
had demonstrated the desirability of building production prototype equipments in 
a form as close to the final manufactured version as possible. Since all manu¬ 
factured equipment had to undergo Service acceptance tests, it was found that time 
could be saved by subjecting prototypes to these tests at the Laboratory, before 
submitting them to the manufacturer. A Test and Standards Division was accord¬ 
ingly set up by Mr. Byrne and equipped with the necessary shock and vibration 
testing apparatus, as well as radio and electrical testing gear. Operated as a 
group entirely separate from the rest of the Laboratory to ensure impartiality, 
the Test Laboratory provided an important service by carefully measuring and 
recording the performance of each model before it went to the manufacturer. 
Although this procedure sometimes delayed delivery of a completed prototype to 
parties outside the Laboratory, the extra effort paid for itself many times over in 
cutting down the time required to place equipment into procurement; by ".airin g 
redesign unnecessary, and by avoiding later differences of opinion over performance 
specifications. The presence of the Test Laboratory also had the effect of greatly 
improving the design work done by the individual development groups within the 
Laboratory. 

Another important development was the formation, early in 1943, of a model 
shop production group. Wherever the production of small quantities of equipment 
must be carried out in the shortest possible time, it is very desirable to have the 
production agency close to (yet at the same time separate from ) the developing 
agency. It was found that even local model and industrial machine shops were too 
far away according to this standard; work “farmed out* to them simply took longer 
to complete. For this reason, a group was set up within the Laboratory to M id 
small quantities of urgently-needed equipment for Service testing, or, in some 
cases, for emergency use by the Services. 

To handle the greatly increased volume of Service project requests which 
poured in during 1943, as w«ll as to keep the Laboratory abreast of changes in the 
program, a Liaison Division was created early in the year and charged with re¬ 
sponsibility for all relations to the Services. 'Informal Liaison Conferences* of 
RRL and Service representatives, were held at the Laboratory, and did much to 
coordinate the program by promoting discussions and agreements. 

Project requests and information collected through Liaison channels were re¬ 
viewed by a separate Project Committee that was set up in the spring of 1943 to 
broaden the basis for technical decisions made by the Laboratory. 

The technical results accomplished during the year were many. By April 
1943, only one year after the Laboratory started operating, development of the* 
following transmitters had been completed: AN/APT-1, AN/APT-2, AN/APT-3, 
and AN/APQ-2, giving a coverage of the radar spectrum from 85 to 700 Me. Thus 
by April, the Army and Navy had already placed on order jammers capable of 
covering the full frequency range used by all operationally important enemy radars 
during the war! (The crude Japanese S-band equipment was the only enemy radar * 
to be used operationally outside this band.) Moreover, by April, the first produc¬ 
tion AN/APT-2’s had already put in an appearance. 


CONFIDENTIAL 



CONFIDENTIAL 




3 



Figure 7. Single Dlel Tuning Unit 
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View of Florosa Field; hangar and building used by RRL field group 
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The Sloan-Marshall tube - part of a huge electronic jammer known as 'Tub** - 
startled everyone by producing, in May of 1943, over 20,000 watts of continuous 
radio frequency power at 500 Me, or about 1000 times the highest level reached 
before that time. Ordered by the British under Lend-Lease, the Tuba equipment 
was intended to lay down a jamming beam over Germany in which homeward-flying 
RAF bombers would be free from attack by AI radar-equipped German night 
fighters. The achievement of such a remarkable power output caused a veritable 
revolution in thinking, and exerted a marked influence on the later course of the 
Laboratory s technical program. As for receivers, the AN/APR-1, AN/APR-4, 
AN/APR-5, and AN/APR-6 search sets were completed and placed in production 
in the first part of 1943. 

By April, 1943, the first significant operational results had been obtained 
with RRL-developed RCM equipment. The “Ferret 1* plane had spotted Japanese 
radar on the Aleutian Island of Kiska, and had identified two potentially dangerous 
equipments. 

Meanwhile in Europe, the wisdom of building model-shop equipment for Service 
testing, as well as sending scientists abroad to assist with its introduction, had 
begun to pay off. With the help of a U. S. scientist stationed at a British laboratory, 
the 8th Bomber Command carried out experiments to see if the German anti-air- * 
craft radar was being used against their daylight‘B-17 formations. The positive 
evidence provided by these tests, together with good results obtained by an oper¬ 
ational trial of a model-shop constructed Carpet transmitter, led to the formulation 
by the Eighth Air Force of the requirement that one Carpet transmitter be installed 
in each replacement heavy bomber sent to that theater. 

In April, 1943, Dr. Donald B. Sinclair, at that time head of the Laboratory's 
receiver development group, accepted an appointment as Technical Observer to 
accompany the first of a series of Ferret planes which were sent to North Africa 
and later Italy to help the Army Air Forces in those theaters pinpoint the many 
German radars known to be dotting the northern shores of the Mediterranean. 

Dr. Sinclair’s field experience had a very significant effect on the Laboratory's 
program: it greatly raised the priority on the development 0 f direction finders as 
against homing devices, and it lowered the priority on warning devices such as the 
Zero-Catcher, in view of the lack of an operational need. As a result of Dr. Sin¬ 
clair s work, and the work of the technical observers who succeeded him, the 
Mediterranean Theater for a considerable period was perhaps the best informed 
and best educated in the field of RCM. As a result of the interest shown, the MTO 
was the first theater to request and receive production models of the RRL-de- 
veloped single dial tuning units. Furthermore, the first production Rug jammers 
were flown to the Mediterranean theater and used at Salerno during the invasion 
of Sicily (in September, 1943) when the U. S. Navy used Jammers for the first time. 

An early realization of the importance of scientific assistance to the Services 
in the field, led in May, 1943, to discussions in England sponsored by the U 8 
Radar Mission, at which a proposal to set up an RCM laboratory in the European 
theater was made. By September of that year arrangements had been completed 
and the Amerlcan-British Laboratory of Division 15 (ABL-15), in accordance with 
a contract between Harvard University and the NDRC, was operating at Malvern 
England, on premises supplied by Britain's chief radar and countermeasures lab¬ 
oratory, the Telecommunications Research Establishment. Entirely U S -con¬ 
trolled, and set up at the request of the u. S. Army Air Forces, this laboratory 
nevertheless was able to serve all branches of the U. S. Services in the ETC Its 
work was not limited exclusively to radar countermeasures; communications and 
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guided missile jamming activities were underUken as well. ABL’s staff, although 
largely recruited from RRL, included several men on loan from other Division IS 
laboratories, and totalled some 70 persons at its peak. 

RRL assisted the Army Ground Forces on two occasions in 1943. In July, a 
ground jamming expedition was sent to the Aleutian island of Amchitka, from which 
point the radars on Kiska were to be put out of action during our invasion of that 
island. The radars to be countered, however, were cestroyed by the Japanese dir- 
'ng their evacuation of Kiska several days before the invasion. In November of 
1S43, plans were laid for a second ground jamming expedition, this time to the 
island of Corsica in the Mediterranean. Jammers for this expedition were crash- 
produced at RRL, and two laboratory technical observers accompanied the equip- 
nent to the theater.^ This second expedition proved to be somewhat disappointing 
rom the laboratory’s point of view, since on arriving in the theater the expedition 
found no satisfactory operational plan worked out for the use of the equipment. It 
was necessary to wait eight months before (the jammers could be turned on. 

Later in the year, intelligence reports of a possible German radar development 
for submarines gave i ise to an urgent Navy request to the Laboratory for the crash 
production, and installation in a Navy sea search PB4Y-1 plane of Laboratory- 
built prototypes of the AN, A PA-2.4 and APA-17 direction finders. These installa¬ 
tions were completed in slightly over one month's time at the Laboratory’s newly- 
acquired airport facilities located on the Army Air Base at Bedford, Massachusetts. 
Tne plane, known as Albatross II f was sent directly from Bedford to an operating 
base in North Africa, from which point it carried out over a hundred patrols over 
the submarine hunting grounds in the Mediterranean area. All equipment functioned 
perfectly, but no submarine radar signals were ever heard, and it was concluded 
that although the submarines undoubtedly had radar, they were evidently not using 
it, a fact which was confirmed by post VE -Day intelligence. 


As a result of the satisfactory performance of the equipment, the Navy eventu¬ 
ally ordered over 1000 APA 17's for the special search planes described in the 
next paragraph. 

Started somewhat before this Albatross 11 expedition, was another Navy air¬ 
borne radar search project known as Albatross I. Early in 1943, the Bureau of 
Aeronautics asked RRL to participate in the mock-up and testing of a new long 
range reconnaissance aircraft for the Pacific theater. Known as the PB4Y-2 this 
plane differed from the B-24 in that the fuselage was lengthened by some 6 feet in 
order to house a remarkably well coordinated installation of the latest in radio 
radar, and RCM equipment. RRL supplied engineering assistance on this project 
from the very first, even when the aircraft itself was largely in the blueprint 
stage. Over 800 Albatross planes were ordered by the Navy (of which 600 were 
delivered), and a considerable number were in active Service in the Pacific bv 
the time the war ended. 3 

The highlight of the year, as far as the operational use of countermeasures is 
concerned, was the successful introduction of Carpet anti -aircraft fire-control 
jammers in the European theater on October 8, 1943. Carried in 68 aircraft of 
tw °| roups of lhe Air Force during a raid to Bremen, the Carpets resulted in 
a 50% reduction in losses for the protected groups. Use of Carpets was closely 
followed by the introduction of Window, which had first been employed by the 
British in July, 1943. 3 
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Figure 9. Test Laboratory; shake table at left; cold chamber at right 
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Figure 10. Tuba: 500 megacycle arc at 50 kw power level 
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By the tine the American Air Forces in Europe begin using Window, this 
countermeasure had been very considerably refined and improved as a result of 
studies at the Radio Research Laboratory. These indicated that narrow Window 
strips were the most efficient when the band of frequencies to be covered is not 
large. The quantity production of this narrow Window was made possible by a 
rotating cutter designed by Mr. Harold Elliott. In May and June of 1943. a number 
of these cutters were constructed on a crash basis by the Laboratory, which under- 
took at the request of the Signal Corps to make available a small production 
facility in the shortest possible time. A small Laboratory production shop was set 
up in which the performance r, the new machines could be tested and new id e as 
tried. A stock of Window for Service testing and for use as a reserve in the event 
of an urgent operational need, was accumulated as a by-product. 

Early in 1944, the need for expanded field assistance to the Services was clearly 
recognized, and,as one aspect of this, greater support was given the overseas lab¬ 
oratory, ABL-15. Mr. J. N. Dyer was made Director of the laboratory- and its size 
was steadily expanded until by the end of 1944 its personnel numbered in the 60's. 

It was found that a laboratory of this sort, operating In a foreign country, required 
a larger administrative staff than had at first been considered necessary. Ad¬ 
ditional high caliber administrative personnel were made available to ABL and a 
very gratifying increase in the Laboratory's effectiveness resulted. ' 

In addition to the very considerable help which ABL rendered to the Air Forces 
in 1944 in connection with their greatly expanded Carpet program, the Laboratory 
also assisted the Tactical Air Forces and certain ground units operating on the 
Continent. In October of 1944, the establishment of a Continental advance base was 
requested by the Array and undertaken by ABL-15. 


In February, 1944, Tuba was ready for shipment overseas. Mounted in 7 huge 
Army trucks, each of which was completely encased ih a watertight care for deck- 
loading on a transport, the Tuba equipment weighed more than 170 tons and was 
said to have been one of the largest single shipments ever to leave the port of p^»g»^n. 


Installed at a site on England's south coast, the two 25-kilowatt transmitters 
were ready for operation by mid-July, 1944. By that time, however, the German 
night-fighters were no longer a serious problem, and in addition, a change was 
made from the Lichtenstein AI radar to the much lower frequency SN-2. If the 
Germans ever had any doubt about the desirability of making this shift, the first 
blast from Tuba must have convinced them! 

Early m 1944, however, the British had ordered two more Tuba equipments 
which were built under a Division 15 contract with the Delta Star Electric Company 
These additional units were delivered by the end of 1944._ 


An urgent Navy operational requirement brought the war close to RRL in 
March of 1944. At that time the Laboratory was engaged in the crash production 
of some 50 AN/ARQ-8 transmitter-receivers, designed originally for low frequency 
radar or communications Jamming, and being procured by the Army Air Forces 
for the Utterapplication. However, the menace of the German radio-controlled 
high-angle and glide-bombs (types FX and Hs-293) to our Naval operations in 
Europe, brought about an urgent request from the Navy for diversion of 30 of the 
8 l ° r use aboard °* smaller ships as guided missiles Jammers 
The ARQ-8 equipments could easily be modified for this job, and were particularly 
desirable in view of their ease of operation, light weight, and compactness. Com- 7 
pletion of the first 30 sets was expedited and the necessary changes incorporated in 
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record time. The equipments were delivered by truck directly from the Laboratory 
to Navy Yards in the vicinity of Boston and New York and there installed aboard 
destroyer escorts, destroyers and cruisers - a job which required close coordina¬ 
tion in view of the fact that these ships were in port, in most cases, tor a few days 
only - seldom more than a week. Moreover, during this time an average of over 4 
members of each crew were given training at RRL in the use of this new equipment. 

The AN/ARQ-8 jammers saw operational use in the Invasions of Normandy and 
Southern France. It is also interesting to note that some of these equipments 
crash-produced and installed by RRL in the U. S. A., were given their pre-invasion 
tune-up and operational check in England by members of the Radio Research Lab¬ 
oratory serving overseas. 

In the European theater, as the date of the Normandy invasion drew closer, it 
became apparent to those responsible for the planning of the invasion ROM program 
that the installation of U. S. equipment aboard British ships would not be completed 
in time, owing to a shortage of qualified British engineers. As a result of this 
emergency, a cablegram was sent from General Eisenhower to General Marshall 
requesting that the latter personally contact OSRD and ask that sixteen American 
scientists be sent to England on the highest possible priority. Four days after re¬ 
ceipt of this message, eleven oi these men (fourteen of whom had been selected 
from RRL and two from CBS) arrived in England, and the remainder followed with¬ 
in four days, having travelled overseas on a No. 1 air priority. As a result of this 
U. S. help, 90% of the projected installations were completed by D-Day. 

Shortly after this “Petticoat" expedition left, disturbing news was received by 
the Laboratory from the European theater. According to all available information, 
Carpet transmitters, although in quantity production in the U. S., were not being 
received overseas. As a result of inquiries made by RRL a little earlier, a member 
of the London OSRD mission had carried out. an investigation of the situation, and 
now reported back that a continuing shortage of Carpets was resulting in a con¬ 
siderable loss of morale on the part of the Air Force Groups using this equipment. 
So few were available, that a complete barrage of the spreading German radar fre¬ 
quencies was out of the question, and the air crews were becoming discouraged at 
the possibilities of this countermeasure. t 

Mr. A. E. Cullum, Jr., an Associate Director of the Laboratory, had accom¬ 
panied the “Petticoat" expedition to Europe. He promptly investigated the situation 
and started a chain of happenings, described below m greater detail under liiiim , 
with the result that a tremendous flow of Carpet equipments was started on its way 
to the European theater. These began to arrive in September and by December, 

1944, over 6000 had been installed. Procedures for the installation, testing and 
operational use of these equipments on a large scale were worked out on the spot, 
and a comprehensive program of air crew training was established, all with the 
aid of ABL-1S. 

Valuable assistance in the overall direction and organization of this program, 
was also provided by an ABL-1S scientist on loan as a consultant to the Operational 
Analysis Section, 8th Air Force. Based on engineering considerations worked out 
in consultation with ABL, operational plans and "Standard Operating Procedures* 

prepared and promulgated to the many Air Force groups using the Carpet 
transmitters. Since a considerable German reaction resutted from our counter¬ 
measures effort, the Carpet program required constant supervision. For example, 
it was necessary to organize and carry out continuing studies of enemy frequency 
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Figure 12. Prototype PB4Y2: countermeasures antenna blisters under 
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distribution in order to enable our forces to set their transnutters properly and use 
them efficiently. 

By the summer of 1943, the Radio Research Laboratory and in particular Mr. 

A. E. Cullum, Jr., Associate Director and Head of Transition, became convinced 
that Radio Research Laboratory could best serve the theaters of operation and the 
procurement agencies of the Army and Navy by a definite and consistent model 
production program whereby the Laboratory itself would either build a given number 
of models of each equipment expected to go into quantity Service procurement, or 
would have them made by an outside contractor. ‘ 

Some of these models would be retained by the Laboratory for field testing 
purposes, some would be allocated to the various Service testing agencies in this 
country, and some would be allocated to theaters of operation. The advantages of 
a systematic program of this sort were many. In the first place, production of 
20-25 units of a development gave valuable experience in ironing out production- 
difficulties. Second, an adequate supply of models greatly facilitated the work of 
Radio Research Laboratory and Service field testing groups, which thereby had a 
chance to evaluate the performance of each new equipment before plans for large- 
scale production were frozen. Third, allocation of models to the operating theaters 
helped educate field commanders in the possibilities of the new equipments, and 
made it easier for them to formulate the operational requirements needed by pro¬ 
curement agencies at home to schedule final Service production. 

At the time of the original discussions of this model procurement program 
(which in effect organized and formalized model production which had previously 
been carried out from time to time), it was plain that the Radio Research Laboratory 
would be unable to build a sufficient number of models of each development in its 
own model shop. This made it necessary to develop a system whereby these models 
could be obtained on sub-contracts. In view of the large expenditure of funds that 
would be involved, the procedures and contract forms to be used were reviewed 
very carefully with OSRD. However, it was important that the model procurement 
program proceed on a large scale immediately, even during these discussions, and 
without testing out on a small scale, the procedures that were involved. The first 
sub-contract under this procedure was let in August, 1943, and from that time on 
the activity expanded very rapidly. The models produced were worth many times' 
their value to the program as a whole, and the program fully lived up to the 
original expectations. 

In order to maintain closer touch with the countermeasures needs of the theaters 
the Army Air Forces instituted, in May of 1944, at the suggestion of Mr. Cullum a ’ 
series of teleprinter conferences with overseas headquarters. Both RRL engineers 
and RRL field representatives participated in these conferences. The first of 
these was with the Air Force headquarters in England. Later on, conferences with 
headquarters in the Mediterranean area, and sUll later with Guam and Manila were 
begun. These made possible a far better coordination of the overall program 'since 
they gave those at home a clear picture of theater needs, and at the same time pro¬ 
vided the theater with the latest information on U. S. plans and developments Even 
more important, they made it possible to get rapid action by clearing up problems 
and exchanging views informally. * r y 

The remarkable success scored by our armies in Europe in the fall of 1944 led 
to a feeling of optimism on the part of the OSRD as well as others. Plans for the 
demobilization of the Laboratory, in the event of victory in Europe, were worked 
out as a result of the OSRD demobilization plan, and made ready in case they were 
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needed. Although no official encouragement was given, a few engineers left the 
Laboratory at this time. The stalemate L: u; Into fall of 1944 and the irJw » ^ 
the ‘Befcian Bulge* in December of that year, brought all of a stS- 

still, however, and caused a considerable change in thinking. 

The year 1945 began inauspiciously as far as the Radio Research Laboratory 
was concerned - with the death by enemy acUon of WaUace B. CaufleW Tr m 
N ew Year s Day. Stationed at ABL and serving as a Technical Observer in 
for the 9th Air Force, Caufield lost his life during a strafing attack on a column 
of American vehicles. He was posthumously awarded the Bronze Star. 

. ,, first . part °* 1 9*5 brought a gradual tapering off of the Laboratory research 

activities and a gradual change in the over air emphasis of the program 
mg indications of possible enemy use of centimeter radar led to fSShe®' tectaS 
developments in this field. The AN/APQ-20 airborne microwave jamtLiw s^tfm 
was further refined and was given the nomenclature AN/APQ-27 Recovery of a 
Japanese shipborne 10-centimeter radar from a cruiser sunk during £TS£ Sf 
Leyte Gulf in the Philippines gave impetus to a Navy project which tad been under 
discussion since early in the year. A satisfactory 1-kilowatt centimeter tunable 
continuous wave magnetron operating at microwave frequencies tad been dewloned- 
this was incorporated in the design of a shipborne jamming system embodying thT*' 
very latest engineering practices. The project, begun in February, was code-named 
Btephant* in view of its Urge scale. Intended for use on the Urger^lve^eU 
f* Eleph T Project "presented the development of a complete 8 spot jamming ’ 
^ k lth \ 1 transmitter capable of being remotely tuned, a completely new re- 
iv r having high image rejection, and other features incorporating the entire 
experience of the Laboratory up to that date. B enure 

New presentation equipment for setting the transmitter on frequency was de¬ 
vised, new directional transmitting antennas that could be trained by the counter¬ 
measures operator were worked out, as well as special receiving aerials for look- 
rough general search, etc. The jamming operation had to be satisfactorily in- 
L^ a ,n d .^ ° “f USe 01 standard rad «- direction finders such as the DBM. Along 
T\ aU , * alar p systems engineering job was required in order to make Ele- 

ffi"* U1 . t ° a UJ V^ ied system, which could function without disturbing the operation of 

ISTJST'r** “ oreover **“ eutire jamming operation tad to be closely 
tied in with the ship s Combat Information Center. Completed shortly before the 

Jspsnese war, the 'Elephant* was installed for test in September, 1945, 

S ’ S : Asheville, where it performed its anUcipated function with great 
provided satisfactory jamming cover against shipborne centimeter 
search and fire-control radar, giving protection at ranges far shorter than the 
minimum required. 

n , D i" ^ theater, responsibility for the administraUon of the activities 

in Observers in the Mediterranean area was transferred to ABL-15 

»h#» a *tn E P ° 1945, Since u was ,ouad that the needs and requirements of the two 
tionaf nla^nfn ltaB made Possible the better coordination of opera- 

, P in ®’ 10(1 through an interchange of manpower, a rendering of greater 
assistance to the somewhat understaffed Mediterranean area. * 

liyhi^n^rnfrl? lhc ' alrr ' Japanese anti-aircraft fire-control and search- 

tta Manna ol dar .. Was cn<:oun,Pred by our forces atteckUg the isUnd of Formosa, 
troductiM of l R mainla,ld of Japan itself. This led to theta- 

Forees U ?nd f ra fu i‘ S, i“ 200 m °P* c y cle jamming program by the Strategic Air 
Forces, and caused a larger degree of attention to be focured on this theater in 1945 
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t^PaS IS^^w^ i rS; , 2S L Techn,M10bservers “ 8i * ned 

March and April, a. which ft*™ „ remain*,’ “ “ 

•iSm'S?? * * C “ 

plans were being laid for an RRL RCM „ r ‘ “ y ,„ f/ , of the Japanese war, active 
sponsored laboratory in Manila. B P t0 ** staUoned at * proposed QSRD - 

Laboratory personne/more ctosely^to^L^ i 943 *** 1944 ^ b® 1 ** 4 to P»t 
quirements, had by this time served'their '^b^ erv ‘ ce linking and Service re- 
mer of 1944 by a series of meetings held W6re replaced *» °>e «um- 

Washington hotel bedroom of Mr. ? E r u n™f, 0r 4 1 f“ re ^f Ur intervals in the 
key members of the Laboratory took Dart in 01686 smoke " fllled sessions*, 

ficers responsible for the RCM SSS 1t£I/“!L? 1SCUSS10M ®* rvice ot ~ 
in keeping all concerned abreas^of the latest deveTn U " g f “7*° * MBe,uI funcUor * 
fy the problems of the moment. 68t developments and in helping to dam¬ 
nation of ite reTorned l^the' 1 tT * ****** t6rml ‘ 

Research EsUblishment and most nt ««T retu f ned to *•* Telecommunications 

Corps. AU personnel KSS * ‘^TiT^y ^ 10 ”* S ‘*“ 1 

lor sS » «^£r*”o!*r™c A . ,, S?,| P ? “I 0 "" c ' pli,U * lr « a r "“rhed o« 
the RBI. proersnfw^'heki sTSI iwllf representatives iM.rr.icd „ 

the Laboratory projects active at 0n Au *' Jfit 2! . and the disposition of 

continued oIRcS°rc.^^olecB S ^ Up “ *“’ U,er 

terminated ImmediteW$Je? St™ US? ' *“ "° ««. 

values S^aTIS, 

m nts were made to transfer still other projects to the Services either immedi** 
a ely or when a convenient and close-at-hand stoppmg-^r^rreac^ ^ru 
all Laboratory work was discontinued by the first week ta^toi”d^Lh IY.l! 
projects continued active until November 1, 1945. On that d^te aU res^^S 

* rom ibat time until the end of the Laboratory's existence the 
efforts of the remaining Laboratory scientific personnel were Wrelv££ 1 . 

ZZ K22 * reports - By 1 Se SXX&SSP 

shrunk to about 230 persons of whom less than 10% were scientific pers’omwl. 
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V. TECHNICAL ACCOMPLISHMENTS 


cal p^gra°m° Wing “ * rev * W ° f *** hi « h,1 * hts of the Laboratory's techni- 


window 


One of the simplest of radar countermeasures are the thin strins of metal foil 
known as Window. Yet this seemingly obvious idea was oneTtSe SsfcS 
guarded secrets of the war. The British had found, experimenuiy St shSte of 

STth \l! hen i T0P ? d Ir0m planes > were capable of giving a sizable radaT 
echo. On the other side of the Channel, the Germans had also discovered this fact. 

0,6 possib,llties 01 °> ese simple confusion reflectors so pb- 

work " s “«“» »•«!■«<« 

,** ‘i™ 0f Dr ‘ Arman's visit to England in 1942, the British had done a 

gr at deal of experimental work with their foil sheets, some of which bore nTinted 

SSS? 10 !? ^ ° rder 10 dCCeiVe 0,6 enC “ y tato thlnkin * that were pro^ganda 
i h X?' empirical tests had teen made, in which the echo from the shSte 
of foil had been compared with echoes from aircraft as viewed on many different 
ratiar systems. However, although a vast body of experimental data was at hand 

/S C S «. StUdy “ b "" e “ r ‘ M "* ” E "^- «*K » «* 

at rri V, A W 0f ‘If pr °^, s , e shown hy the ldea > « experimental program was begun 
f. L * . A numl f r of d iiierent possibilities was considered, and tried out 

LatoratiJ^ a SyS fi mS ' *5* !! ame U “ e « throu « h courtesy of the RadiatX^* 
Laboratory, a well-qualified physicist (Dr. L. J. Chu) was loaned to RRL and riven 

the assignment to carry out a thorough theoretical study of the Window problem. 

Not long after RRL first engaged m the field of Window research, the Labora- 
to y was requested by the U. S. Navy to drop further experimental work on this 
countermeasure, for security reasons. The theoretical work was, howew. wried 
to a condusion, and shortly thereafter, when the security situation relaxed expert- 
mental tests were resumed in Cambridge. In January, 1943 one of the RRL's*aei 
O'■ rni L. Whipple Ho tad been lurid to work«<55i!o£l“££*' 

p ™ bl * : “o’ aSked 10 turn hiS attenUon to Window. After studying Chu's analysis 

and the British experimental work (which proved to be consistent with this analmta) 

Window strips really narrow, parUcularly when the radars to be countered we*» 
concentrated in a frequency band of limited width. This was exactfrthe situation 
in the case of the German Wurzburg anti-aircraft radars * ituation 


How to make the narrow Window strips in quantity then became the nrnhw 
K vos known that approximately 2000 strips were require?iTa single b^dte iT 

t0 r f. turn a sizable echo - In order to give narrow strips adequate mechanical 
stiffness, it was necessary to give them a lengthwise crease The problem 
manufacture this 'bent* Window on a practical basis- it was nutu!» u. 

Elliott, . OKCtaold dMp., ol .id.'tattmiSr* fgy 

SSZZZSi.'.‘IS'tt Pr “ ClP " 10 * C “" « 

alternate blades duU, the proper crease could be added to the center 

By May, 1943, a prototype Window cutter had been built an^ucceihSy ^^' 
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Figure 16. Representative Model Allocation List 
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Figure 17. Top view of the Carpet I transmitter 
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Figure 18. Elephant aboard the U.S.S. Asheville: receiving position 
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at the Laboratory. Previous to that time, field tests of Window had employed only 
small quantities of material, which had left only isolated pips on the screens of the 
radars affected. A full scale test, employing large quantities which completely 
saturated an area, were now made possible. The results were striking, and motion 
pictures of the tests created the greatest interest in Service circles. Those con¬ 
cerned with the RCM program were given an entirely new idea of the possibilities 
of this countermeasure Window was seen to be not merely a deceptive device, but 
a countermeasure almost as effective as jamming. Tracking an aircraft through 
the infested area was completely impossible. 

Immediate action was taken by the Signal Corps. The Laboratory was asked 
to develop facilities capable of producing 10 tons of Window per month by July, 1943, 
and to have 10 tons on hand by that date for experimental purposes. At that time 
RRL had only one cutter on hand, and there were doubts as to the length of time it 
could remain in satisfactory operation. However, by constructing cutters on a 
rush basis both in the Laboratory's machine shop, and at a manufacturing plant in 
Nashua, N. H., the necessary number of Window cutters was delivered on time, 
and production was begun. In this way, United States production was ready when 
the British used Window during the first raid on Hamburg, Germany, in August, 1943. 

The Window used by the British on this raid weighed nearly two pounds per unit. 
The British had heard, through liaison channels, of U. S. work on Window and of 
the success obtained by narrowing down the width of the strips. The strips used 
in the Hamburg raid were narrower than any which the British had employed 
before, but were still far less efficient than the U. S. Window. Because of their 
immediate needs, the British were allocated half the Signal Corps Window machines, 
which were sent to England with the understanding that the Window produced there 
would later be available to both the AAF and the RAF. The British bought 150 ad¬ 
ditional machines on orders through Treasury Department Procurement. As 
it worked out, the AAF later obtained a good deal of Window from the British. Thus 
the original effort expended in helping the British build up their Window production, 
repaid itself. 

When Window was first placed in operational use by the U. S. AAF, in October, 
1943, the U. S. production Window available to our Air Forces weighed three ounces 
per package as compared to 27 ounces tor the British equivalent. This difference 
meant not only a tremendous economy in material, but also the possibility of carry¬ 
ing a greater bomb load in view of the saving in weight 

From that tine on, the research problem consisted of effecting further re¬ 
finements and improvements In Window design. Development of a suitable package 
was in itself no mean task - tho bundles had to be designed to open at various air¬ 
speeds after just the right delay to release their contents intact. 

In view of the shortage of paper backing, and of the shortage of manufacturing 
facilities for gluing paper backing to metal foil, cutters were improved sufficiently 
to make possible the manufacture of Window made of pure metal foil. In addition 
to the saving in weight, this foil had another important advantage - its percentage 
dispersal was much greater than the older paper-backed variety. 

In view of the high security which required that all Window tests in the early 
days be conducted over water so that none of the material might fall into unauthor¬ 
ized hands, little was known as to the percentage of strips in each Window bundle 
which actually dispersed in the air and thus became effective as radar reflectors. 
When tests over land were finally permitted, it was discovered that a sizable per- 
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centage of the strips became entangled after release and fell as a solid mass, or 
‘bird's nest*, thus contributing little to the echo produced. As soon as this effect 
had been discovered, steps were taken to increase the amount of dispersal. It was- 
found that the pure foil Window gave a remarkable high percentage dispersal-i"so 
high, in fact, that the problem was no longer^erious if the Window were dispensed 
from chutes properly designed and located'in the aircraft. (Window ejected from 
improperly designed or placed chutes often suffered damage on emerging into the 
slipstream! 


Subsequent improvements included a so-called ‘triple unit* consisting of three 
single units of Chaff, each of differing lengths, contained in a single package. Cap¬ 
able of giving response over a wide frequency band, this ‘triple unit* was an answer 
to the growing spread of the Wurzburg frequency band, and weighed less than 2 
ounces per unit. 


U. S. aluminum foil production was increased approximately three times dur¬ 
ing the war. Nearly 75 per cent of this total production was devoted to Window. 


Shortly after the development of a satisfactory Window bundle, studies were 
made of possible means of automatically ejecting a large number of them from air¬ 
planes. Early attempts involving containers of fixed size proved impractical in 
view of the difficulty of predicting the amount and shape of the space available in 
aircraft for installations of this sort. The most practical design proved to be one 
which used bundles of Window each glued crosswise on long tapes. As these tapes 
were drawn through rollers, the Window bundles were automatically torn off and 
ejected. The advantage of this scheme lay in that the taped Chaff could be store*, 
in one or more cardboard cartons easily stowed in the plane, from which the bundles 
were pulled by the tapes as required. 


Window dispensers proved to be entirely practicable for heavy and medium 
bombers. In the case of fighters, however, space was seldom available for an in¬ 
ternal installation of a Window dispenser. To meet this need, RRL developed a 
Window dispenser and Window storage container mounted in a streamlined container 
similar in shape to a bomb or an expendable gas tank. These *Window* Bombs 
would undoubtedly have seen wide use had the war continued. 


The low-frequency radars used by the Japanese required a Window technique 
different from that employed in the European theater. In the 100 to 200 megacycle 
range, Chaff bundles become long and bulky and difficult to handle. This led to the 
development of a type of radar reflector, known as ‘Rope*, which consisted of 400- 
foot rolls of thin aluminum tape, half an inch wide. When rolled up, the tape formed 
a roll 2 3/4 inches in diameter. One end of the roll was anchored to a small paper 
parachute, or a piece of cardboard, so that when ejected from a plane, the tape would 
unroll itself very rapidly into a long streamer. By making this streamer fall in 
such a way that it assumed more or less random orientations, instead of being 
exactly vertical, the ‘Rope* proved to be extremely effective against radars of any 
polarization. Rope has the further advantage that it will operate over a wide fre¬ 
quency range. "Rope* was used extensively in the Pacific theater by B-29's and 
other heavy strategic bombers. 

\ - 

Transmitters N \ 


In the design of Jamming transmitters, the first and most Important technical v v 

problem faced by the Laboratory was to discover how much power was needed to 
Jam various kinds of radar sets under various conditions. It was not known, for v 

15 v 
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Figure 20. Early British leaflet Window 




























411-299 


CONFIDENTIAL 


tCONTINUOUSLY FED ICONTINUOUSLY FED 

IN BY ROLLERS) IN BY ROLLERS) 



FRAME 


FRAME 


Figure 21. How the Window cutter operates 
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example, whether the power requirements for an airborne jammer would turn out 
to be of the order of 5 watts or 50 watts. If it had turned out to be the latter, it ia 
likely that the Laboratory would never have developed to the extent that it did. 

Since it was by no means clear, at first, what sort of jamming modulation 
should be used, the choice of noise modulation for the jamming signal was an im¬ 
portant decision. This had been proposed by Telecommunications Research Es¬ 
tablishment, although the only British jammers actually in use at the time em¬ 
ployed high-frequency sine-wave modulation. Noise proved to be the correct de« 
cision. Although other simpler forms of modulation were from time to time pro¬ 
posed, even up to the very end of the war, none of these alternative forms was ever 
used operationally by o.t forces except in very special cases. 

One of the earliest activities of the Laboratory was to build an artificial radar 
system on which to study the appearance and the effects of the various forms of 
jamming. Later on, more extensive studies were made of such combinations as 
noise amplitude modulation plus a certain amount of frequency modulation, etc. 

The results all pointed to the fact that noise amplitude modulation or amplified 
noise itself was the most effective type of signaL 

It was RRL's policy to take ideas which seemed to be good ones, wherever they 
could be found. Starting, so to speak, from scratch, the Laboratory had few pre¬ 
conceived notions which might serve to limit or restrict thinking. 

Once the optimum type of modulation had been found - and it is significant 
that the first RRL report to be published (RRL *1, dated July 8, 1942) treated a new 
and more effective source of noise jamming - the next problem consisted of finding 
out what sort of jamming equipment could be carried in Service aircraft. It was 
not known for example, how much additional weight or how much additional power 
drain could be tolerated. As a result of considerable liaison work and consultation 
with the Services, it was found that an equipment approximately one Standard Air¬ 
craft Rack in size, weighing-40 or 50 pounds, and drawing three to four hundred 
watts of power, would probably be acceptable. The first RRL jammers, therefore, 
represented attempts to build as much power output as possible into a space of 
that given size. 

The Laboratory's early low-frequency jamming transmitters - Mandrel and 
various modifications thereof - were built chiefly for test purposes in order to try 
out the idea of jamming on the most readily available U. S. radars. The first 
higher frequency development - Carpet - was based on a probable British need and 
again was intended to show the possibilities of constructing equipment for that 
general type of application. 

The Laboratory's basic philosophy was to make a transmitter as powerful as 
possible within the limits of the assigned space and weight. In order to cover the 
various frequency ranges in which enemy radars might appear, it was necessary 
to build a line of jamming transmitters with power outputs of the order of 5 to 20 
watts, each occupying 1 to 1 1/2 standard aircraft racks, as shown on the attached 
chart. 

As the program developed, however, the necessity for designing higher powered 
transmitters became apparent. Moreover, as RCM began to be accepted by the 
Services, there was a willingness and even a desire to carry more pounds of RCM 
gear. When new tubes became available, higher power transmitters such as the 
AN/APT-4 were made possible. The increased power naturally made necessary 
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an increase in the size and weight of the equipment^Tffcwever the AN/APT5 ma>v- 
nr^f (which wei 8 hed 190 pounds, and drew 1500 watts o/power) provedT 

ssssa >«• «i»*- - • *r 

transmitt " s for hi *her and higher frequencies called lor the 
use of new tubes and new techniques. Experiments showed that the new, high-power 

* u .*£ s » when used cavit y resonant circuits, were capable of high out¬ 
put over a wide frequency range. This discovery led to the AN/APT-5 and AN/APT-9 
transmitters of wnich the latter is capable of operation from 300-2500 megacycle. 

svssr^ ,u * s ~ —ss?* 

approach to the problem was used, which made possible the realization of a htcrhor 

EE 2? for a * ive " total input - at the sam^ti me witta 

signal which was more effective than any used before. i * 

pff«rf.«T ratC Ub °. rat0r y ^ rou P ws sct “P *or the study of noise sources in an 
*0 improve on the photo-multiplier tube. As a result of the work of this group 
a new and even better noise source using a gas tube was discovered. 87 Pf 

jammine" trans m ft ter s' of a llne of relaUvely low power airborne 

jamming transmitters, another countermeasures problem came up namelv that 

of providing a lane in which British bombers, returning fromRaids’ owr cL»L 

would be safe from attack by night fighters, ’in order to To tt£ TnorZ^^SU 

ment whTrh hJa h Uire ^ and *** BrlUsh became interested in a U. S. tuM develop^* 
ment which had been in progress since the early days of the war This tube imnm 

as the resnatron, had been originated at the University of California- it gave’promise 

fSZSTti ta * XCeSS ° f “ y previ0usly ac hieved. WMUngh’ousPwas^givM** 

sssrs r^ssssyssr - ' - rai —** * 

Producing powers oltheSSK/wSSST 

_ remark fWe result was not achieved without a tremendous technical effort 
The high powers involved made necessary the development of many new techniauea- 

apabie of dissipating large amounts of power had to be developed fa addition to 
the complications introduced by the necessity for nter-S mb tS 
resnatrons had to be made tunil. over a reuEi«^T4Sency r’a^’^vet 
in* ?£“ ^ I* ra *ltic8. Provision for wide band modulation was also reouired* 

elSnStaMMiSl r° Uld n0rB,aUy h* considered Incompatible adtfa high 
Shfak Y * t 2J ,ba J I,corporited the “ with an efficiency of operatic 

• test of short J? EL.’" "** < *'* ta,d #* 

°! “*• e ! perlence ** Tuba, the posslblUty of achierlng really 
high power Jamming systems became apparent. Tuba opened up new frontiers*^ 

sCT^IT.T. f T“dUUtoofPlt 

tional use as a result of a change in the tactical situation, It gave rise to otter 
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Artist's conception of the production Tuba equipment 
as set up In England 
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important developments. Moreover; Tuba should have important post-war applica¬ 
tions. 

Not long alter real results had been achieved with the resnatron, experiments 
showed that the power required to conceal ship targets from radar observation 
was far greater than that required lor the equivalent airborne case. 

As a result, it became apparent that the low-power airborne Jammers used on 
ships and landing cralt in the early days of the war would not be enough to do a 
satisfactory job at close ranges. This realization increased the priority on high 
power jamming transmitter developments, and eventually led to a one-kilowatt 
shipborne jammer known as •Elephant’. This high power jammer was made pos¬ 
sible by the development of a satisfactory tunable 10 centimeter, continuous wave 
magnetron - a development which would have been considered impossible before 
Tuba lifted the horizons. 

An intermediate development in this chain was the shipboard equivalent of the 
airborne 150 watt jammer - the TDY. RRL experience in designing a Laboratory 
prototype of the shipboard jammer was of great assistance to the Navy during the 
development of the TDY equipment, which became standard aboard Navy ships of 
destroyer-size on up. 

Receivers 

The first step in any countermeasures program involves listening for enemy 
radar signals. At the time the RRL was organized the only equipment available 
for this service was a search receiver equipped with bra tuning units for the fre¬ 
quency ranges 100-300 Me and 300-1000 Me. 

These original tuning units had two tuning adjustments - one for the oscillator, 
and one for the antenna input, with the result that they were awkward to use in 
actual practice and had many spurious responses which were often very difficult 
of interpretation. Single dial tuning units for these receivers would make a big 
difference in their effectiveness. RRL undertook mechanically to link the two 
controls together, in order that tuning could be carried out as in an ordinary 
home receiver. Concurrently with the development of improved tuning units, the 
development of two additional frequency ranges was undertaken: one covering 
30-100 Me and the other covering 1000-3000 Me. 

Since the production of the original receiver had been limited, and since var¬ 
ious refinements in design were possible, two completely new sets using the im¬ 
proved hming units were developed. 

These two receivers, known as the APR-1 and APR-4, went into large pro¬ 
curements by the Navy and the Army Air Forces respectively. The two equipments 
' were nearly alike; the chief difference being that the APR-4 was provided with a 
choice of bandwidth!. 

It was realized at the outset that the frequency ranges 1000-3000 and 3000- 
6000 Me required a new approach in receiver design. Proposals for new tuning 
units for the APR-1 and APR-4 type receivers had all involved use of a harmonic 
of the local oscillator for conversion; this arrangement, while practicable, made 
interpretation of results more difficult in view of the increased number of possible 
spurious responses. The first step, therefore, consisted of developing a local 
oscillator capable of tuning over a high enough range of frequencies. The most 
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satisfactory design used a lighthouse tube in a coaxial circuit. It tuned from 1000- 
3000 Me on the fundamental, and 3000-6000 Me on the second harmonic. A micro- 
wave intercept receiver, known as the AN/APR-5, was accordingly built around 
this oscillator. With slight modification, this receiver became the Navy’s 
AN/SPR-2. Both receivers were manufactured and used in quantity by the Services. 
Moreover, these superheterodynes were used in preference to simpler 'interim'- 
type receivers employing direct detection, such as the 'Spud* or “Zero Catcher". 

It was realized from the start that the receiving operator would not always be 
able to devote full attention to his equipment. On long missions, the effect of 
fatigue becomes extremely important. With this in mind, the Laboratory endeavored 
always to design equipment which would be simple and easy to operate. This fore¬ 
sight was amply repaid in the case of operations carried out by B-29 aircraft, many 
of which flew missions for fifteen hours or more. An important adjunct to any 
search receiver is an automatic recorder, which makes it unnecessary for an oper¬ 
ator to pay continuous attention to his receiver. 

m O ne of the earliest Laboratory developments was a receiver known as the 
‘Autosearch', which incorporated such a recorder. This receiver was intended only 
to provide a preliminary indication of the existence of radar signals and their ap¬ 
proximate frequencies, and was never used widely because it was supplanted by 
the more accurate superheterodyne receivers before quantity production got under 
way. Moreover, the superheterodyne search receivers could do the same job when 
fitted with a special tape recording attachment known as the APA-41. This device, 
coupled to the tuning control, made a continuous record of the signals received 
during each frequency scan; it could easily be disconnected if a more detailed study 
of a particular signal were desired. 

Satisfactory pulse analyzing and panoramic display equipment had been developed 
before the RRL came into existence. Yet most of the panoramic adapters weighed 
a good deal and were packed in large, ungainly cases which occupied more space 
than was necessary. Ri'L devised, for use in connection with its radar j amming 
systems, a half-SAR raci: panoramic adapter which came to be known as "Panda*. 
Simple both mechanically and electrically, this device proved eminently satisfactory 
for use with the standard search receivers, and made possible a considerable saving 
in weight and space. r 

In the early days of the countermeasures program, when the eventual trend 
was by no means clear, work was done at the RRL on a species of warning receiver 
widely used by the British to give their bombers indication of the approach of 
night fighters and, in some instances, indication of their observation by German 
ground radar, particularly GCI sets. Experiments with direct detection-warning 
receivers of various kinds, some of them narrow-band and some of them relatively 
wide-band, showed that they had considerable possibilities for the application 
intended. However, the tactical requirements of the u. S. AAF never called for 
the widespread use of devices of this sort: flak constituted their chief problem, 
since the majority of their raids were carried out in daylight in the company oS 
fighter escort. 

Whereas simple jammers and receivers would serve satisfactorily at the 
lower frequencies, it was found that as the higher radar frequencies were approached, 
particularly at 3000 Me and above, the technical requirements on a jamming system 
were very considerably Increased. It is much more difficult, for example, to keep 
a jammer on frequency in the S-band, in view of the greater tendency for both 
radar and jammer to drift enough to put most of the jamm'ng signal outside the 
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Figure 21 . 150 watt TOY jammer at the left; one kilowatt Elephant transmitter 

console at right 
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radar receiver acceptance band. Moreover, the difficulty of carrying 
jamming at the higher frequencies made it desirable to d “ ig " . a con _ 

spot jamming use only - that is, for relatively narrow band o^rab^ As 
sequence, RRL jammers for the 1000-2500 Me range (AN/APQ-21) 
the 2000-4000 Me range (AN/APQ-27) were designed 

ns integrated systems consisting of transmitter, receiver, pulse analyzer ana 
i.-cquency-setting equipment. 

The culmination of this trend is represented by the ‘Elephant’ develMpmnL 
ilt earlv in 1945 this one-kilowatt, 10-cenUmeter equipment incorporated the 
of jamming a,sums. It .as pro***-u. 

^reiving sets, one ot which was used lor searching while the other 
-etting the jammer and maintaining it on the proper frequency. J***"!™* 
"tor searcWne was arranged to scan a relatively wide section of a total spectrum, 
and to present the outpuUnformation gained on a panoramic displjy McUl^wpe. 
As soon as a receiver was switched over to spot-jamming, the bandwidth of the 
sc^s considerably reduced so that a more accurate display would be available 
to set the jammer on the desired channel. 

Antennas 

Since radar countermeasures transmitters must be capalble ofJ^”**** 
whatever frequencies may be selected by the enemy, Uie urtenu JjJ £ 
transmitters should preferably operate over as wide a range of frequencies as 
possible. In this way, the operating frequency may be changed without returning 
the an’enna or switching over to a new one. 

In the early days of the Laboratory, this problem was clearly 
a program of designing and developing countermeasures antennas of. “toge * 
hanflu-idth as Dossible was begun. However, for the sake of speed, the Services 
went ahead with the procurement of certain interim RCM antennas which, because 
Seu n^rrowbandwldth. had to be cut to the frequenc, at which the assocuted 
transmitter was to be used. 

Prior to the war, there had been little reason to develop antennas ** Jg*?“ 
band operation. The requirements of television radar and 

were all satisfied by radiators capable of operating over a 10 per «nt frequency 
ran( re Yet some of the designs worked out for these three applications P^^ed to 
be useful in the case of RCM. Low frequency countermeasures transmitters were 
used with the thick sword-type stubs originally designed for use with VHF taJh» 
100 Me frequency range. From television came the cone antenna design 
used for RCM receivers. RRL did much basic research work into the bandwidth 

achievable with this type of antenna. 

After considerable liaison work and study of current practice RRL adopted 
, n . tmnedance as the standard for antenna feed cables. For transmitters, 
l ? to-“vo”uS standing wave ratio (abbreviated VSWR) at the antenna was con¬ 
sidered the mfximum allowable mismatch for proper operation. Inthe case of 
rece^vtog antennas, however, a maximum VSWR of 5 to l was allowed. 

The Laboratory developed cone receiving and transmitting antennas.capable 
, i frenuenev ratio - from 300 to 1000 Me. Further research showed that 
Sis excellent 'performance could be bettered by careful attention to tt»e design of 
theUper between the transmission line and the antenna feed point. A similar re- 
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ceiving antenna was then, produced, which would operate over the phenomenally 
Urge frequency range from 300 to 3000 Me - a 10 to 1 frequency ratio. 


Most of the early RCM antennas were designed to be one-quarter wavelength 
long at their lowest frequency of operation, and were consequently used with 
ground screens or surfaces. This came about both because the first application 
of countermeasures equipment was in aircraft, and because early intelligence in¬ 
formation indicated that the majority, if not all, of the German radars were verti¬ 
cally polarized. In order to jam an early-warning set in the 100 Me frequency 
range, it is only necessary to mount a quarter-wave stub on the bottom of the air¬ 
craft so that lt.projects straight down. 

In the case of ships, however, the problem was somewhat different. In the 
first place, ships do not have conveniently located surfaces which might be used 
lor ground planes. In order to give a more or less non-directional receiving 
pattern, dipole antennas had to be used. These dipoles were made up of thickened 
stubs and cone antennas operated back to back, and while the coverage was not 
perfect, they were suitable as interim devices. 


When it was found that the size of ship targets made much greater jamming 
powers necessary, it was apparent that some directivity and hence power gain, 
should be provided by the antenna system itself, in view of the difficulty of obtain¬ 
ing sufficient RF energy at radar frequencies. Yet the transmitting beam could 
not be too sharp in a vertical direction, because motion of the ship might tilt it 
above or below the target. A design was arrived at which was eventually used very 
widely by the Navy. It consisted of a series of corner-reflector-type directional 
antennas on rotatable mounts. The direction in which the mount and consequently 
the antennas pointed could be remotely controlled from the countermeasures 
room. A wide frequency range was covered by mounting two or more antennas 
(some back to back) on the same mount. Still further extension of the operating 
range could be accomplished by removing the dipole assembly at each corner re¬ 
flector, and substituting a different one. 

„ The dipole elements used in these corner reflector type antennas were of the 
sleeve type. While this design did not provide as wide a frequency coverage as 
the thick cones, it was much more compact and more readily mounted in a prac¬ 
tical transmitting system. RRL greatly extended the possibilities of the sleeve 
antenna design which had been used only to a slight extent for television work 
before the war. 


Protection of aircraft from enemy gun-laying radar requires that the antenna 
direct the majority of the transmitted energy downward and slightly in front of 
the aircraft. The most desirable antenna pattern is one which follows a cosecant- 
squared law, so that the jamming energy received by a radar on the ground in¬ 
creases as the plane approaches, in exactly the same amount as the echo returned 
to the radar from the plane. In this way, a constant jam-to-signal ratio is mam- 
tamed and the Jammer power is used as economically as possible. 

The German gun-laying radars introduced an additional problem as well Al¬ 
though the early Wurzburgs did not have them, later models were equipped with 
transmitting dipoles which were slightly offset from the center of the parabolic 
antenna and rapidly routed in order to obUin a routing directivity pattern for ' 
lobe-switching. Since the radar antenna routes, the polarization of the signal re¬ 
ceived at a Urget is constantly changing through 360 degrees at the lobe-switching 
rate. If plane polarized jamming (such as that obUmed from the early Carpet 
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transmitters) is used against such a radar, the jamming will not be complete since 
the radar cannot pick up the jamming signal when the radar s antenna is oriented 
at right angles to the jammer antenna. 

This possibility was recognized by RRL as soon as the German use rotattaf 
dipoles was definitely established, and^jammer antenna wasdevised whichcouU 
jam the Wurzburg no matter whatth^ngular position of its dipole ]^*J ythe 
time the Germans took advantage of the plane-polarized jamming ^J ^evised a 
blanking circuit which permitted their radars to see only during those instants 
when the two anieanaSwere at right angles, the U. S. AAF were ready ***** ***• 
answer^a rotating field antenna popularly known as the fishhook. The design, 
"production and installation effort the Germans put into their anU-jamming ^ce, 
was thus completely nullified. In addition, the fishhook < AS - 6 ®/ APT > 
cosecant squared antenna pattern desired for use against pm-frying ri *“- F * sh 
hooks were supplied as standard equipment with the volume shipments of Carpet 
transmitters sent to the European theater. 

The Pacific countermeasures problem differed from the European one in that 
relatively low frequency radars were used, - radars whose polarization was pre¬ 
dominantly horizontal. To achieve a downward-looking pattern, the **** 

design was impractical in new of the size of the antenna elements ** *°“ *«; 
quencies. Yet it was necessary to enable an aircraft to transmit a horizontally 
polarized jamming signal which had a rough maximum in the forwarddirectt^and 
which gave covtra, i all around the horizon. This problem was solved by ®°“" tu *K 
two horizontal quwter-wave stub antennas - bent backward at an angle of 45 deg. 
on either side of the airplane’s fuselage. When fed out of phase, toese two “ten* 1 
functioned in much the same manner as a dipole, gmng a horizontally 
sienal which was strong in the forward direction. The backward rake of the antennas 
fitted in the nulls off the sides of the plane, giving a horizontally 
pattern which was remarkably complete. The technical problem invoWedito feedwg 
the two antennas out of phase was solved by means of a balance-to-unbalance tr 
former catted the ‘Bazooka*. In its original form essentially a single frequency 
device the Bazooka was redesigned to give satisfactory balance over a frequency 
range commensurate with that covered by the antennas themselves. 

Later on in the war, high speed aircraft received a very considerable amount 
of attention from the Services. Jet-assisted bombers and fighters, operating at 
speeds many times those of th * slower B-17 s and B 24 s, required special at¬ 
tention in the design of radio antenna?. Even small P r0 ^ c ^ fr °“ 
skin of these aircraft could giv* rise to very considerable drags and reducttons 
in speed. Ordinary radio antennas were said to cause a very considerable reduction 
in the maximum speed even in the case of B-29 aircraft. 

This problem was attacked at RRL in two general ways. It was found that by 
increasing the ‘fineness ratio* of stub antennas (that is, the ratio of width *° . 
thickness) the drag could be very considerably reduced. Moreover, slot-type 
antennas were developed which gave satisfactory radiation patterns over a remark¬ 
ably wide band of frequencies without requiring any projection outside the skin of 
the aircraft whatever. 

Very remarkable developments made possible the realization of satisfactory 
lamming antennas for use at microwave frequencies. Circular polarization was 
desirable, since many microwave radars have spinning dipole antennas At the 
same time, operation over a wide frequency range was desirable, provided that 
the shape of the antenna pattern and the circularity of polarization did not change 
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too seriously in the process. Any one of these requirements alone would have been 
difficult to meet by means of pre-war techniques - yet all were actually satisfied 
in one design, a horn-type antenna used with the APQ-27 and other microwave 
systems. The M2903 horn is capable of operation over a 2 to 1 frequency range 
with approximately constant feedpoint impedance, circularity of polarization, and 
antenna pattern. 


Direction Finders 

Radar equipments, like all radio stations, can be located by means of direction 
finders. However, when RRL first began work on radar direction finders, it was 
not at all clear how they would be used in actual operational practice. This was 
purely apart from the technical problems inherent in their design which were not 
Inconsiderable since the highest frequencies at which radio direction finders had 
been made to operate successfully before the war was of the order of 120 Me. It 
was necessary in working out the equipment to do the job, to envision at the same 
time the military tactic or situation in which the equipment would eventually have 
to be used. Since neither the Armed Forces nor the civilian researchers had had 
much experience with problems of this sort, the fact that they were worked out to 
everyone's satisfaction in the end is another important result of the close cooper¬ 
ation which existed between the Services and RRL staff members. 

As might be expected, airplanes and ships proved to be the best vehicles for 
radar direction finders. In the case of aircraft, two general types of operations 
involving direction finders proved to be the most common, and these called for 
the development of two different kinds of direction finding equipment. 

If it is desired to proceed directly to a radar in order to destroy it, homing 
equipment will suffice. Simpler in design because only a fixed antenna is used, 
homing equipment was employed in the Pacific theater by 13th Air Force B-25*s 
which hunted down isolated Japanese early warning radars and destroyed them by 
gun- and rocket-fire. A satisfactory homing system for use in fighter p lane s, 
known as AN/APA-48, was crash-produced for use by U. S. carrier aircraft. 

This equipment, which was being placed in service when the war ended, was to 
have been used to locate Japanese radar-equipped "snooper” planes which had a 
habit of tracking our task forces from a distance just outside the range of U. S. 
ship radars. 

However, homing technique is impractical when the intention is simply to 
locate a radar. Direction finders with movable antennas make it possible for 
planes to plot the location of a radar from data taken while the plane flies a kno wn 
course in its vicinity. Direction finders of this type, widely used by radar-hunting 
Ferret planes, were also carried on bombing aircraft and successfully used to 
locate radars during regular bombing strikes. The technique was especially use¬ 
ful in the case of long B-29 missions where detailed ferreting on the part of s 
single aircraft would have been impractical. 

Satisfactory direction finders were developed at RRL for all the commonly 
used radar frequency ranges, a simple system - known as the AN/APA-24 - 
using dipole-type antenna elements, was developed for the lower frequencies. 
Provided with a series of plug-in interchangeable heads, the AN/APA-24 covered 
from 70 to 400 megacycles. Capable of good results at the lower frequencies, the 
A PA-24 was nevertheless compact enough to permit mounting cm high speed air¬ 
craft like the B-29's. Although a null-type device, the APA-24 was nevertheless 
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Figure 31. Rotatable directional antenna used with ship- 
borne TOY jammer 
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AS-69/APT "Fishhook* rotating polarization anti-Wurzburg radar antenna 






COM IIJlilYI I.U. 



r()\l IDI-MIAI 


Figure S3. Twin stubs raked backward and fed through 
horizon tally polarised signal with maximum fc 
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A more elegant soluUoo to the direction-finding problem was the AN/APA-17 
rotating-reflector direction finder. The final verstoo of thiT^pmenTwas A- 
” a f ka, ’ le Uct *■* it displayed the received pulsesSrSa^ . taf-re. 

two rant ca e » ay ' tub l *"**“ ^ ““‘dng it possible to distinguish betle^i 
two radars operating on the same frequency, and located not farapart The in- 

te^rnenif H 0n **? aUo a Where rapidly s^pingw-to- 

couw i were tovolved * Polarization of the incomSfg signal 

could be determined by the flip of a switch. The head normally provided with this 
equipment covered the frequency range 300 to 5000 Me. By the end of the war a 
low frequency head capable of operation down to 70 Me, and high frequency heJd 
extending the range up to 10,000 Me, were in procurement. ^ * 

interesting application of these direcUon finders was their use by the— 
unahip r » F n rC !h t0 detCCt 016 P 051111011 of ene “y fire control radars. Lost formaUons 

the r I 7 C °“f Se Preyi u 0usly worked out f° r maximum flak evasion, could 
use their APA-17 s to warn them of their approach towards an enemy flak battery. 

J he ,f hiPb ? rne | Ve ? i ° n ° f AN/APA-17 was known as the DBM direcUon 
1 US , mB ,„^ | ieads * ** average of this equipment extended from roughly 
150 Me up to 5000 Me. Extension of the range to 10,000 Me was in progress?the 
n of thewar. Many difficult problems involving the mounting of these direction 
finders aboard ship had to be solved before they could be satisfactorily i ns talled 
However, tests showed that the problems could be solved, and many oTthese 
equipments were installed aboard Naval craft. 1 

Test Equipment 

RRL has always considered the development of adequate test equipment a job 
of importance equal to that of the development of the prfme equipinent itoelf a 
number of equipments were developed by RRL’s test equipment group- a few ex¬ 
amples will give an idea of the types involved. group, a jew ex- 

For the low frequency jamming transmitters, a small heterodyne-type frequency 
meter was devised Ibis item, the BC-1255A, was procured in some qtSnttfrby 1 
^i°. rPS cUstribu, * d f° r with Mandrel (AN/APT-3) and Dina 
R/» i A1S0 useful wiU> the D««-type equipments is the 

™ ^ / ! A L Ahp,ment Indlcator » which went into quanUty procurement. The 
TS-47/APR test oscillator, developed by the General Radio Company with the 
assistance of RRL engineers, and handled as an RCM item by the RRL Transition 
Department, was designed for checking the performance of AN/APR-1 and AN/APR -4 
receivers. Many delays were suffered before these equipts apAaAfb, 7 
quantity. The TS-131/APT Transmitter Output Indicator, a small item which for 

STrrnu^A bepaTt0f eaCh *“*“**». « eventually «5£fi» 

It must be emphasized that the quantity orders did not come until late in the 
war; when the test equipment was most needed in the field, it was seldom available 
For example, barrage jamming transmitters for the invasion of Southern FranoT ’ 
•m larfrir-Ht «, b, ^ 0M , “ iXSiSS*. 

type frequency meters carried as personal property by RRL technical observers 
One basic difficulty was the fact that test equipment always enjoyed lower nrWH^ 
than the prime equipment it was designed to test. Anothe7difffcS£th?!Ste, 


COM lUCMIAl 


CO.NMIJIlNILAL 


411-299 


5-13 


of attempting to save effort by consolidating test equipments,designing each to 
service more than one type of equipment. This had t! c effect of slowing test 
equipment procurement down to the pace of the slowest prime equipment; RCM 
designers, as a consequence, had difficulty in seeing their test equipment into 
procurement even though the developments were ready in time. 

Anti-Jamming 

It was realized in the very beginning that anti-jamming research would be an 
important part of the overall countermeasures job. In the early days, when the 
Laboratory was endeavoring to find out what could be done to jam radars, it wa£ 
equally important for the Laboratory to know what could be done to unjam them. 
Moreover, the early studies of jamming on various oscilloscope presentations 
(which had made possible the selection of the most effective type of jamming 
modulation), were not sufficient to determine the relative vulnerability to Jamming 
of complete radar systems. For this reason, the Laboratory undertook to obtain, 
set up and operate samples of various radars in operational use. As soon as the* 
first of these was in operation, a thorough investigation of the mechanics of 
jamming was carried out. It was soon found that the curious radar scope patterns 
caused by different kinds of jamming signals each had a logical explanation. T hi s 
information served as a basis for operator training and for studies of circuits 
which could reduce the effects of jamming. 

It was realized at once that operator training is a very important part of anti¬ 
jamming work. When confronted with new and unexpected equipment behavior, the 
normal reaction of the green operator is to shut down and look for trouble. How¬ 
ever, if he is expecting jamming and knows what kind of effect it will have on his 
equipment, he will not be rattled, but will stay on the job, and may still get a good 
deal of information out of his radar. 

In this realization a program of Service education was undertaken by the Lab¬ 
oratory. This was accomplished by means of various training ain* . reports and 
technical manuals, motion pictures (valuable because they illustrate moving or 
changing patterns), training signal generators (i.e., signal generators with pro¬ 
vision for various types of jamming signals), and training jammers (i.e., full 
power jammers also equipped with many types of modulation). Using these and 
other aids, RRL representatives carried out many demonstrations of counter¬ 
measures at Army and Navy operating sites and training schools, as well as at 
the Laboratory itself. 

As a result of this work, the Services soon became aware of the possibilities 
of countermeasures and anti-jamming. The Army published a series of training 
pamphlets for radar operations. The Navy prepared training motion picture films, 
showing the effect of countermeasures on typical Navy radars. At Pearl Harbor, 
an extensive fleet operator training program was undertaken, and joint Army-Navy 
jamming exercises were carried out. When the Japanese began'using Window during 
the later stages of the Pacific war, U. S. Navy radar operators were well prepared. 

1® a ^^°° to fundamental studies of anti-jamming, RRL undertook a program 
of lows ligating the specific vulnerability of various radars in common use. In a 
few cases, these studies brought to light some unsuspected and easily corrected 

certaia specific radars. For example, it was found that the ability 
of the SCR-288 to track in elevation and azimuth could easily be thrown off by a 
very small amount of continuous wave Jamming coming from a source not exactly 
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Figure 34. TDY-1A 10 Cm, circularly polarized 
rotatable jamming antenna (cutaway view) 
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Figure 95. Components of AN/APA-17 rotating reflector direction finder 
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Figure 36. Wide-band "Slot* antennas like these can be mounted flush 

with skin of plane 
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in line with the target. Again, the SCR-521 radar receiver could easily be over¬ 
loaded by CW jamming. Both these delects could be corrected by means ol simple 
plug-in attachments. 

A working agreement was reached with the Radiation Laboratory, whereby RRL 
was responsible lor A/] studies in the case ol low Irequency radars, and micro- 
wave radars not designed at the Radiation Laboratory. In the case ol the radars 
lor which it was responsible, RRL carried out basic studies and designed simple 
ai ti-jamniing attachments in cases where this was leasible. 

In general, microwave radars were lound to be less vulnerable to jamming 
than long wave radars. They are relatively susceptible to jamming at the image 
Irequency, however, because ol the low radio-lrequency selectivity of most micro¬ 
wave receivers. As might be expected, the PPl-type radar display is much more 
easily jammed than the standard A scope; in lact, operators were urged to use the 
latter as much as possible whenever jamming was encountered. Microwave auto¬ 
matic gun-laying equipments were lound to be somewhat more susceptible to jam¬ 
ming than ordinary radars, due to the increased complexity ol these equipments. 
RRL also made studies ol radar glide bombs such as the ‘Pelican* equipment, 
which was lound to be quite susceptible to jamming. 

As a result ol its work in the A/] lield, RRL learned the limitations ol anti¬ 
jamming and learned to what extent our own jamming could be made inellective. 

In this way, certain plausible but, Irom an A/J standpoint, inellective types ol 
jamming modulation were avoided. In the end, it can be stated that the best anti¬ 
jamming is simply good engineering design and the spreading ol the operating 
Irequencies. The plug-in attachments which were used to improve the performance 
ol some radars in the presence ol jamming, in reality merely corrected for de¬ 
partures Irom good engineering practice. V 

The procurement ol training equipment, like that ol test equipment, was lound 
to lag in a most unsatislactory way. Very lew ol the RRL developments in the 
training equipment lield were actually procured by the Service in any quantity as 
a result ol the low priority enjoyed by this type ol equipment. For example, it 
was almost impossible to obtain jamming transmitters for conversion to training 
jammers, since the jammers themselves were in such great demand on the part 
ol the operating forces. However, the idea ol operational countermeasures train¬ 
ing was aggressively followed by the Services and in many instances, the necessary 
training equipment was improvised on the spot by lield personnel. 
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VI. HOW THE WORK WAS DONE 


Conduct of the Research 

When the Laboratory was set up, the research program was broken down into 
certain well-defined categories, such as receivers, transmitters, microwave, 
anti-jamming, etc. An effort was made to find a Senior Staff member whose ex¬ 
perience and abilities fitted him for the direction of a group specializing in each 
category. The group leaders reported to the Director, and the direction of the 
Laboratory’s program was worked out at meetings of the group leaders (under the 
chairmanship of the Director^which came to be known as Senior Staff Meetings. 

The volume of business soon required that the meetings be of two types - one in 
which business matters were discussed, and the other in which the technical pro¬ 
gram was considered. 

However, as the size of the Laboratory increased, the number of groups multi¬ 
plied, and the size of the Senior Staff Meeting increased to the point where effective 
action at these meetings became difficult. This was the situation early in 1943; at 
that time. Service interest in the Laboratory was increasing rapidly, and Service 
project requests were being formalized and transmitted to the Laboratory through 
channels which were, for the first time, being established. 

In order to coordinate and evaluate these incoming project requests, as well 
as to broaden the basis for making decisions, the Laboratory’s Project Committee 
was set up in May, 1943. It was the task of this Committee to review each incoming 
project in the light of the Laboratory's existing work load, and to indicate the 
priority which should be assigned by the individual group in carrying out the work. 
All projects originating within the Laboratory were reported to this committee 
for their consideration, in the same manner as incoming projects requested by the 
Services. 

At first, the Project Committee did not exercise a particularly strict control 
over Laboratory activities. When the Laboratory had first got under way, its 
assignment had been so incompletely defined that many of the research personnel 
were obliged to make their own decisions concerning desirable projects, and to go 
ahead with these without regard to Service interest It was found that virtually 
every worth-while project eventually received the desired Service interest 

However, as time went on and the Laboratory's program became more clearly 
defined, the control exercised by the Project Committee gradually increased. An 
important factor in this circumstance was the perennial shortage of shop and 
drafting man-hours which made close scheduling necessary for greatest effective¬ 
ness. The Project Committee, by allocating shop and drafting schedules and 
priorities, exerted t considerable influence oo the course of the research work la 
the Laboratory. 

The Project Committee also served as a central clearing house for information 
affecting the Laboratory program. Copies of teleprinter conference minutes, re¬ 
ports of liaison rejiresentatlves, letters from Technical Observers, etc., were 
circulated to members of this committee. In this way, the committee was kept 
abreast of~thangtng Service requirements, and other changes in the overall program. 
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Figure 37. Hie services were actively Interested in anti-jamming training 
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Figure 98. URL helped train the Sendees in the use of new equipments 
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As the number of individual Laboratory groups still further increased, it be* 
came necessary to delegate more of the Director’s responsibilities. The main 
branches of the Laboratory’s activities were consequently broken down into divi¬ 
sions, which included one or more groups. Such divisions included the Transmitter 
Division, the Receiver Division, the Production Division, etc. Heads of the divisions 
were represented on important committees which, in turn, were under the chair¬ 
manship of the Director. 

Much of the Laboratory’s technical program was worked out in committee 
meetings. In the Transmitter Committee, the status of the Laboratory’s trans¬ 
mitter development program was periodically reviewed and the capabilities of the 
Laboratory equipment considered in the light of existing or probable Service re¬ 
quirements. The Receiver Committee served a similar function, as did a Test 
Instrument Committee. During the latter stages of the war, when the Laboratory^ 
emphasis shifted Increasingly to short-range projects aimed at assisting in the 
operational use of RCM equipment in the field, a Field Test Committee and then a 
Field Division was formed which coordinated this phase of the Laboratory’s work 
and maintained contact with the Laboratory’s field stations in Bedford and Florida. 

In general, while details of the program were decided at the technical committee 
meetings, overall Laboratory policies were decided at the Project Committee and, for 
a time, at what was known as an 'Executive Committee* modeled after steering committees 
found in other organizations. The Executive Committee considered administrative 
matters such as personnel policies, etc. Ibis committee eventually became inactive 
and was succeeded by a smaller Management Committee composed of the Director, 
Associate Director, Executive Engineer, and Business Manager. The Division IS 
Technical Aide participated in all committee discussions as a welcome 'guest*. 

To coordinate the Laboratory's equipment development program, Mr. John F. 
Byrne was named Executive Engineer in the fall of 1943. Reporting directly to 
him were the majority of the groups in which apparatus was being developed for 
production. The choice of Mr. Byrne as Executive Engineer was a happy one in 
view of his extensive experience in Industry, which proved invaluable to the 
Laboratory. 


Liaison 

Civilian-controlled war research laboratories, such as RRL, are in a position 
to make a unique contribution in wartime. In contrast with laboratories operated 
by the military: 

(1) A civilian organization can serve all branches of the Service in 
accordance with their greatest need. 

(2) Civilian status makes possible dealing with the military at all 
levels in the chain of command. 

(3) Freedom from travel quotas and other restrictions makes tor 
greater mobility - civilians have less difficulty in traveling 
wherever their duty requires. 

The above circumstances represent tremendous privileges which are clearly 
not to be abused. If properly taken advantage of, however, these privileges can 
make the wartime contribution of a civilian research organization many times 
more effective than would otherwise be the case. 
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It was found, early in the history of RRL, that in order to carry out an intelli¬ 
gent program, a tremendous amount of contact work was required. Not only was it 
necessary to keep abreast with new technical developments in the field; it was 
necessary to find out a thousand other things with a bearing on the program as well. 

In the early days Of the Laboratory, the immediate problem was to find out 
what, if anything, could be done with radar countermeasures. It was by no means 
clear that a single black box carried in an airplane could actually protect that air¬ 
plane against radar observation. Contact with research organizations in the field 
was, in general, sufficient for the direction of the Laboratory's program. Con¬ 
sultation with Service officers was less important since in most cases they them¬ 
selves were new in their jobs and - like the researchers - not too well acquainted 
with the possibilities of RCM. 

In those days, many valuable contacts resulted from trips made to other 
Service laboratories. Meetings of Service and NDRC committees (such as the 
Countermeasures Committee, which served a useful function as a central coordi¬ 
nating and policy-making body) provided Laboratory personnel with opportunities 
for informal contact with those connected with the various phases of the RCM 
program. 

By the early spring of 1943, well after the Laboratory's first three develop¬ 
ments (Autosearch, Mandrel, Carpet), had gone into procurement, the complexion 
of the overall liaison problem began to change. In terms of research personnel, 
the Laboratory was at one-half its final strength in January of that year. The pace 
of the work was rapidly increasing, and new developments began to appear at a 
correspondingly greater rate. Moreover, the armed Services were acquiring a 
greater awareness of the importance and the possibilities of RCM; the number of 
agencies interested in RCM Increased; project requests began to pour in, and 
project officers became frequent visitors of the Laboratory. The enhanced scale 
of activity multiplied the number of technical decisions to be made, and the increased 
Service interest brought to light many questions of policy and program direction. 

In order to handle systematically this increased Service interest, as well as 
to assist with the formulation of a Laboratory program that would serve the best 
interests of all branches of the Services, certain additional steps were taken. Ac. 
RRL liaison office was set up, to serve as the nucleus of the Laboratory's liaison 
activities, and to maintain contact with the many Service agencies now affecting the 
RCM program. Not long thereafter, Mr. A. E. Cullum, Jr., who was responsible 
for the Laboratory's liaison activities, was accredited to the office of Dr. E. L. 
Bowles, Special Consultant to the Secretary of War, thus placing RRL's relation¬ 
ship with Army agencies on a more formal and official basis than had previously 
existed. 

i / 

For the benefit of Service project officers whose busine'-.a took them to RRL, 
a regular series of "Informal Liaison Conferences" were begun at the Laboratory 
in February, 1943. These conferences, which'were attended by representatives 
of all the interested Service branches, provided excellent opportunities for the 
review of Laboratory developments in the light of >.he varying Service requirements. 
Thus it was often found that specific RCM developments, as was the case with many 
other electronic equipments, could often be used by all branches of the Army and 
Navy with very little modification. 

Since the Service interest in, and demand for, RRL developments often far 
exceeded the Laboratory’s ability to translate.the requirements into specific 
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equipments, the Liaison Conferences provided a place at which the priorities to be 
assigned various phases of the Laboratory's work could be reviewed. In this way, 
for example, if satisfaction of an urgent Navy requirement meant delay to a develop¬ 
ment being carried out for the Army, the matter could be reviewed and Army con¬ 
currence obtained. 

The need for frequent Liaison Conferences increased as the war went on and 
the design of many of the basic RCM developments became frozen. These meetings 
were eventually replaced by informal evening gatherings in Washington which came 
to be known as "smoke-filled sessions.* At these meetings, key Service and Lab¬ 
oratory personnel met to discuss the general direction of the countermeasures 
program in the light of the current war situation. 

In 1943, as more and more RRL equipment passed through the manufacturing 
stage and went into operational use, the requirements for systematic liaison con¬ 
siderably increased. It was found, for example, that the chain of activities through 
which RRL developments had to pass between the research stage and their appear¬ 
ance in the field, was far longer than had been anticipated. Moreover, the normal 
Service reorganizations and shiftings of command required constant monitoring. 

To give some idea of the complexity of the problem involved, a typical RCM 
development, after leaving RRL, would be sent to a Service Laboratory for a per¬ 
formance test. If it met the electrical requirements, a contract would then be let 
to a manufacturer, which would eventually result in the appearance of a manufac¬ 
turer's prototype. This prototype itself then had to be tested for mechanical strength, 
shock, vibration, etc., before the full scale production could get underway. After 
that, the production equipments had to be shipped through a variety of depots before 
being sent overseas. At some of these depots, such things as accessories, spare 
parts, etc., were added; at others, they were boxed for overseas shipment. At any 
point in this long chain of events, the slightest slip-up could mean delay to equip¬ 
ment vitally needed in the operating theaters. 

By maintaining contact with its developments at every stage, from testing of 
the prototype to shipment of the final packaged equipment overseas, the Laboratory 
was able, in many instances, to assist and expedite matters. Here the relative 
mobility of civilians proved invaluable. Apparently harmless delays and bottlenecks, 
which might develop at some step in the chain far down the line, would not normally 
reach the attention of the officers charged with overall responsibility for the pro¬ 
gram. Civilians, however, were in a position, when it was appropriate, to call 
difficulties to the attention of those concerned, and thus to obtain quick action. 

Another valuable service rendered by Liaison personnel was the matter of co¬ 
ordinating project requests. In view of their number, new requests had to be scru¬ 
tinized with care to determine their relative importance and priority in relation to 
the rest of the Laboratory program. A tremendous amount *rf evaluation had to be 
carried out, since it was perfectly possible for a junior officer in the field to orig¬ 
inate a requirement to Washington, signed by the theater cc camander, for a de¬ 
velopment based on Incomplete or misleading information. These theater requests 
could not, of course, be ignored, and were usually sent cm to the NDRC. In each 
case Laboratory Liaison representatives saw to it that a thorough study of the 
merits and demerits of each request was made, and that the Laboratory’s decision 
on the basis of these results was promptly reported back to the originating agency 
for transmission to the theater. 
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The extreme secrecy which surrounded the radar countermeasures program 
from the very start, made it necessary that a considerable amount of indoctrination 
be carried out as countermeasures equipment traveled down the long 'pipeline 
between the Laboratory and the field. In addition to assisting manufacturers in 
every way possible, the laboratory was able to save much time, trouble and con¬ 
fusion by contacting training, supply,and installation agencies concerned with the 
RCM program, and by keeping them informed of the latest developments. 

It frequently happened that Service plans for the use of a particular development 
would change without warning, sometimes without the knowledge of the Service 
agency which had originally made the request to the Laboratory. Decisions of this 
sort wire net infrequently based on incomplete technical information and on an 
incomplete understanding of the purpose for which the development was intended. 

By keeping in touch with the progress of Laboratory developments at every stage 
in their career, RRL was able to render a great service in preventing misunder¬ 
standing and in straightening out difficulties in a minimum of time. As an example, 
procurement of one of the Laboratory's jamming transmitters was at one time 
cancelled by the Services on the basis of inadequate information in regard to the 
jnwe'r output and the proposed application of this equipment. 

■ 

As the war went on, and more and more RCU equipment arrived in the field, 
the need for field assistance greatly increased, and the number of RRL personnel 
on duty overseas became proportionately larger. Consequently, a need arose to 
coordinate their activities and to secure quick action at home on the basis of their 
findings. Here again, organized liaison played an important part. 

Of inestimable value to the program as a whole were the overseas teletype¬ 
writer conferences, carried out at regular intervals from Army Air Force Head¬ 
quarters in Washington, D. C. These conferences with important field headquarters 
such as United States Strategic Air Forces in Europe, etc., gave those at home an 
up-to-date, clear picture of theater problems and requirements, and at the same 
time provided the eventual consumers of countermeasures equipment with the latest 
data on developments at home. In addition to these conferences, RRL technical 
observers overseas made a series of regular reports to the Office of the Air Com¬ 
munications Officer. As a result of the follow-up provided by the Laboratory, 
each RRL representative on foreign duty could rest assured that questions raised 
in his reports either written or teletype, would receive considered attention at the 
Laboratory and would also be relayed to the appropriate Service organization for 
action. 


A classic example of the usefulness of an organized Liaison activity is to be 
found in the story of the assistance rendered to the United States Strategic Air 
Forces in Europe in connection with the supply of Carpet jamming transmitters. 

The first of these had been shipped to the theater in the summer of 1948, and had 
immediately proved their effectiveness in combat Quantity orders followed im¬ 
mediately thereafter. The 8th Bomber Command, which in 1948 was at approximately 
one-third full strength, was brought up to its final size by June of 1944. With more 
«t»an 8,000 first-line heavy bombers on hand, the 8th Air Force had at its disposal 
in August, 1944, no more than 250 operational Carpet jamming transmitters which, 
for best results, should be carried one-to-a-plane I 

Yet according to Information received from the manufacturers, some 4,000 
Carpet transmitters had been delivered in the United States. Two reasons were 
eventually discovered for their non-delivery to Europe; one was a general lack of 
understanding of the chain through which manufactured equipments had to pass before 
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Figure 42. AN/APA-24 direction-finder top mounted on a B-24 
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their delivery to the theater. The other was a specific 'bottleneck* in the supply 
organization whereby the shipment of thousands of countermeasures equipments was 
handled as a sideline. In the summer of 1944, Radio Research Laboratory Liaison 
representatives carried out a detailed study of the causes for the delays being en¬ 
countered in the shipment of Carpets to Europe. When their findings were called 
to the attention of the officers responsible for the various phases of the supply 
activity,immediate and very gratifying action was taken. Shipments from ware¬ 
houses to depots .were expedited, and a system of control set up whereby responsible 
officers in Washington could maintain a day-by-day check on the flow of equipment 
to the field. Meanwhile, in the ETO, plans had been made for the expedited handling 
of the equipment when it reached the theater, and by October, 1944, a substantial 
proportion of the 8th Air Force was equipped with the long-awaited jamming equip¬ 
ment. By November and December of that year, every heavy bomber based in 
Britain was equipped with one and in most cases two, of these jamming transmitters. 
The havoc these equipments raised with the German radar fire-control apparatus 
is described in Chapter VH. 

Still later in the Laboratory’s career, when the eventual outcome of the war 
became more or less obvious, the direction of the Laboratory’s effort was shifted 
from long-range research to those shorter-range projects which still held the 
prospect of seeing service in time. The need for liaison was still further increased 
since it became imperative that the delay between the formulation of a need or re¬ 
quirement and its satisfaction, be cut to the minimum. As the number of reports 
from agencies employing RCM equipments in the field increased, the flow of this 
material to Washington became so large that in many instances it became physically 
impossible for the agencies interested in RCM to pass along data of interest to the 
Laboratory. Early in 194$, the Laboratory increased the scale of its Washington 
liaison activities in order to take these factors into account. In this way, the Lab¬ 
oratory was kept well enough informed to take quick and effective action. 

The internal procedure for handling the vast amount of information brought 
to light by the Laboratory’s formal and informal Liaison activities hinged around 
the RRL Project Committee. Each Laboratory representative attending meetings, 
or making visits where matters of general interest to the Laboratory were dis¬ 
cussed, wrote up the significant points in the form of a memorandum to the Project 
Committee. This committee, meeting weekly, then reviewed each memorandum 
with its author so that the points raised could be discussed with those responsible 
for the overall direction of the Laboratory's program. Information received by the 
Committee was also widely circulated within the Laboratory. 

It was an established Laboratory policy not to act on behalf of one branch of 
the Services without consulting the others, since all branches were affected to 
some extent by almost any action. Of great assistance to this procedure was an 
additional Laboratory policy to keep supplying the Services with the latest technical 
information, through the medium of conferences, personal visits, phone calls, etc., 
thus keeping Service thinking up-to-date in terms of technical realities. By acting 
on behalf of all branches, RRL was often able to serve as a catalyst, or means of 
crystallizing a joint Service program. 

The Laboratory always considered it a basic assignment to see that a plan of 
action existed, and then to make sure that action was taken according to that plan. 

If RRL had a proposal, it would be brought to the attention of all branches of the 
Services concerned, and a decision requested. If the proposal was rejected, the 
matter was dropped. U the proposal was accepted, the Laboratory made sure that 
the plan was fully implemented. 
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As time went on, Service confidence in RRL’s technical judgment steadily in¬ 
creased. In this connection, the RRL Test Laboratory played an important part 
by standardizing measurements and specifications, thus enabling RRL representa¬ 
tives to make technical statements of demonstrable accuracy. 

Moreover, when RRL was required to reject a Service request, a special effort 
was made to acquaint all those concerned with the reasons for the negative answer. 
In time, many of the Service agencies gained confidence in RRL’s judgment and 
accepted the Laboratory’s decisions without question. 

RRL came to be consulted informally, as well. As a result of discussions 
with RRL representatives, mutual agreements were often arrived at informally. 
When these agreements were later implemented with formal correspondence, all 
concerned were in complete understanding in regard to the intention of the corre¬ 
spondence. In this way, time was saved and misunderstandings were avoided. 

Transition 

Of importance equal to the task of developing new equipment, is the matter of 
placing the equipment in production in the shortest possible time, for the value of 
a research laboratory's contribution to the war effort is properly measured by the 
number of developments which actually saw service, rather than by the total number 
of developments completed. This criterion, of course, is a severe one in the case 
of a rapidly changing field such as countermeasures, in which the need for new de¬ 
velopments depended on two tactical situations - United States and the enemy - in¬ 
stead of just one. In this way, the chances were doubled that the need for a new 
development might evaporate in the time required to place it in service in the field. 
Consequently, it was an RRL policy to help with the introduction of its developments 
whenever possible. It has been found that a development agency such as RRL can 
provide extra assistance in expediting production of new equipment in the following 
ways; 

First, the number of equipments to be manufactured - that is, the Service re¬ 
quirements for a new development - can seldom be properly formulated without a 
trial of that new equipment in the field. By supplying models which can be tested 
by the operating commands in the various theaters, it is possible to determine 
their usefulness, and the number which will eventually be required, without waiting 
for the regular production to come along. 

Second, in cases where an urgent operational need exists for small quantities 
of new equipment which cannot be obtained in time through any regular production, 
the development laboratory can frequently render an important service by hand- 
bu iidln g a few models for expedited shipment to the field. These are known as 
‘crash* programs. 

Third, the production of any new electronic development, especially those em¬ 
ploying techniques different from those common in the industry prior to the war, 
ran be aided by giving the manufacturer technical assistance. The developing 
igencies can render a valuable service here an well. 

The NDRC, recognizing the Importance of these considerations early in its 
history, had, by 1942, a well-defined"Transition* program and organization. More¬ 
over, in 1945, previous informal consulting work was formalized in a statement 
setting up a ’’Consultant Advisory Service . According to this plan, the develop¬ 
ment agencies would render consultant or advisory service to the Services upon 
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receipt of a formal request for aid in manufacturing a particular product. Certain 
specified procedures would then be followed. The RCM program, with its greater- 
thin-usual requirement for speed, fitted in well with the already established NDRC 
procedure. However, there were certain differences which were the outgrowth of 
the particular experience of the Laboratory. 

All Transition work at RRL was coordinated under the Transit!on Department, 
which was set up late in 1942. RRL engaged in the production of models from the 
very start. As soon as it became apparent that carrying out work of this sort In 
the development groups would represent a considerable drain on facilities which 
were better used in other ways, provision was made for the production of models 
elsewhere. In late 1942, RRL took advantage of the facilities of the Research Con¬ 
struction Company, a model shop facility set up by the Microwave Committee 
(later Division 14) of the NDRC. However, the desirability of carrying out model 
construction at a location convenient to the research groups gave rise to the forma¬ 
tion, in April, 1943, of a group within the Laboratory whose primary assignment 
was the production of models. 

The average number of models constructed of each equipment was of the order 
of twenty. Of these, one would go to the manufacturer, approximately two would 
be kept at RRL for test purposes; two more would be shipped to Service laboratories 
for acceptance tests; two more would be reserved for trial at field testing stations 
within the United States; one or two would be shipped to RRL’s field laboratory 
in England, and the remainder would be allocated to various interested branches 
of the Services, usually in quantities of one or two to each theater, which might 
have a requirement for the particular development. 

Since the number of models to be built frequently exceeded the capabilities of 
the Laboratory’s own shop, work was subcontracted to manufacturers, some near 
at hand, and some located further away. In cases where speed was essential, those 
near at hand were selected. A definite effort was made to pick manufacturers 
who might later be designated by the Services for regular production of the item in 
question. However, this was not always feasible, as a manufacturer capable of 
large-scale pi Auction was not always interested in making a small number of 
models unless guaranteed a larger order to follow - a guarantee which, of course, 
could not be given. 

Care was used in seeking out and selecting manufactmers whose facilities 
fitted them for the p?;ucular Job in hand. In general, the RRL internal model shop 
was reserved for the higher priority models, or 'crash' items. 

When asked to satisfy urgent operational requirements for small numbers of 
equipments, RRL undertook to assist the Services in whatever way was possible. 

Since it turned out that placement of a Service contract for even a small quantity 
of equipment generally consumed a considerable length of time, RRL was able, in 
some instances, to assist the Services by placing its own contract for the needed 
apparatus. In such cases, OSRD was eventually reimbursed by the Services for 
the equipments delivered. In other cases it was necessary that the development 
itself be either manufactured or modified in the Laboratory’s own model shop; 
many weeks and often months could thus be saved in getting out a small quantity 
of equipment. The time saved usually depended on the size of the production in¬ 
volved, since the length of time required to get equipment Into production is often 
directly proportional to the number of equipments which are eventually manufactured. 
Very close liaison was ol course required for crash programs: many problems of 
precedence, etc., had to be straightened out, and here again the mobility of the ci¬ 
vilian helped greatly. 
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Id. 1944, an internal RRL crash procedure was worked out whereby a three- 
man team - one representing the development ^ jup, ooe the Transition Department, 
and one the RRL Business Office - was given complete responsibility for the con¬ 
duct and successful conclusion of the projec*. By working shoulder to shoulder, 
the three men represented a group small enough for effective action and yet large 
enough to assure excellent coordination. 

The Army ako developed its own crash p wedure in 1944; according to this 
arrangement the normal chain of events was speeded up, and in some instances 
circumvented. So good was this procedure that contracts could be in the hands of 
the manufacturer four days after a model of the item to be crashed had been satis¬ 
factorily demonstrated at Wright Field. In the case of each item to be crashed, 
the development laboratory supplied an engineer who put in full time at the manu¬ 
facturer's plant, to assist the manufacturer’s representatives and the Army project 
officer in every way possible. 

The special features of the RCM program were recognized by all concerned 
from the start. According to an early arrangement, two manufacturers, (Deko 
and Galvin), were to be held in reserve especially for RCM. According to the 
early procedure, engineers from the manufacturer were cleared, and when a de¬ 
velopment was nearing completion, would work in cooperation with the development 
engineers in the Laboratory groups. It was found that this type of arrangement was 
either extremely satisfactory or extremely unsatisfactory; if the engineers con¬ 
cerned proved to be congenial and capable of working together in a group, the re¬ 
sults were remarkable; for example, the first models of the Carpet 1 transmitter 
were produced by the manufacturer in record time as a result of this arrangement. 

However, in other cases, the manufacturer's engineers felt that their time was 
very largely wasted in the Laboratory, since there was little that they would do un¬ 
til the final design of the model had been frozen. Only then, for example, could the 
manufacturer order the necessary parts with the assurance that they could actually 
be required in the final model. The time required to secure the necessary com¬ 
ponents represented the largest delay in getting a new development into production. 

As a result of a very understandable tendency on the part of most development 
engineers in the Laboratory to improve their models after their nominal completion 
date, it was found desirable to institute a procedure whereby a model was not 
'frozen* until the leader of the development group made that decision. At that 
time, the drawings, parts list, etc., necessary for a manufacturer to duplicate the 
model, were prepared in the form of what was called a “Transition Memorandum 
Report* (TMR). After preparation of this informal report, no further changes in 
the design were permitted without the express concurrence of the Laboratory, the 
Transition Department, the manufacturer, and the Service concerned. In this way, 
much lost motion on the part of the manufacturer was avoided, since last-minute 
changes likely to hold up production were eliminated. 

After the completion of the TMR, responsibility for a project passed Into the 
haprfg of the Transition Department engineers assigned to the work. The Transition 
engineers then had full charge of all relations with the Services and with the manu¬ 
facturer from that time on. It was the Transition engineer’s Job to keep la touch 
with the progress of the development at the manufacturer and see that every possible 
assistance was rendered. It was a task which called for frequent personal contact 
and continued follow-up. If the manufacturer ran into any technical difficulties 
which required help from RRL, an engineer from the development group was desig¬ 
nated to accompany the Transition engineer to the manufacturer’s plant for the 
necessary length of time. 
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The RRL philosophy throughout was to provide the manufacturer with as com¬ 
plete and satisfactory a prototype of the equipment as possible. Since any equip¬ 
ment procured by the Services must pass very rigid mechanical and electrical 
specifications, it was found desirable at the Laboratory to build models in accord¬ 
ance with the latest production design technique. An effort was made to carry Is 
the Laboratory’s stock room only components which were known to be acceptable 
in production equipments. Incorporated in Laboratory prototypes, for example, 
were the special moisture-proof potted transformers called for by the^Sei vice 
specifications. In this way, it was possible to make the manufacturer s Job easier 
by cutting down time required for redesigning the Laboratory modeL In the early 
days, some of the Laboratory models required considerable treatment of this sort; 
however, as time went on this particular source of delay was considerably reduced. 


An important step in this chain was the RRL Test Laboratory, an organisation 
operating independently of the regular development groups, whose sole Job nas to 
carry out an impartial mechanical and electrical test of each Laboratory prototype 
equipment as it came along, in order to determine its performance and its suit¬ 
ability as a prototype for submission to a manufacturer. By thoroughly measuring 
and checking the performance of each unit, later differences of opinion as to ac¬ 
ceptable performance could be avoided. Moreover, by sta n da r d iz i n g measuring 
techniques, a great service was rendered both to the Services and to the manu¬ 
facturers in makin g closer control of production tolerances possible. Addition af 
the Test Laboratory very greatly Improved the quality of the models produced by 
RRL by educating RRL development engineers, and the extra time spent in checking 
performance in Cambridge was more than compensated for by reduced manufactur¬ 
ing difficulties and delays. 


As mentioned previously, RRL endeavored to speed up regular production by 
picking manufacturers for model subcontracts who would be likely to receive 
eventual full-size production orders. In addition to mai n ta in i n g close technical 
liaison with each development, the Laboratory also incidentally monitored the 
number of equipments produced, through personal contacts made by Transition rep¬ 
resentatives at the various manufacturing plants. On the basis of both formal 
and informal production information, regular bi-monthly production "Summary 
Charts" were prepared for the purpose of keeping those concerned with the R C1I 
program abreast of new developments in the manufacturing situation. It was found 
to be particularly true in the case of RCM, that intelligent planning for the opera¬ 
tional use of the equipment was absolutely dependent on a knowledge of the avail¬ 
ability, or probable availability, of the various items involved. In planning a Carpet 
barrage jamming program, for example, it was necessary to know how many trans¬ 
mitters were going to be available for the purpose intended, since the method of 
operation was greatly dependent-upon this number. The availability of many Jam¬ 
mers makes possible their use in a barrage; if only a small quantity can be counted 
upon a more economical method of their use (such as spot Jamming) must be found. 
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Radio Research Laboratory, with its 810 direct employees and 13S affiliated 
sonnel, a payroll of $2,550,000 yearly, peak expenditures at the rate of $7,000,000 
yearly, field stations in Bedford, Florida, and England, and technical representa¬ 
tives throughout the war theaters, was s substantial business enterprise and re¬ 
quired a large business staff. At the peak of laboratory growth in September 1944, 
there were 223 people in the groups reporting to Mr. N. P. Breed, Ihisiness Mina- 
ger, a ratio of approximately one to four to total personnel and approximately ona 
to one to productive research workers. 
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rector for performance of all clauses in the OSRD Contract except the subject work 


clause, and, in addition, endeavored to provide the research groups with adequate 
personnel, space, facilities, equipment, materials, and services for the most ef¬ 
ficient utilization of Research Associate time. Every effort was made to minimize 
organizational red tape and waste of time by the research staff on problems of se¬ 
curing articles or sen-ices needed for their work. For example, an oral request 
only was necessary for the procurement of some needed item in a research .group. 
The business staff would make a catalogue selection, requisition, purchase, receive, 
and inspect the item, and deliver it to the requester without further attention on his 
part. Similarly, automobiles and drivers were held available for field trips, air¬ 
craft for flight testing were manned and equipped as needed, and crews were on hand 
to make any type of experimental installation. Travelers could expect to receive, 
just before starting a trip, an envelope containing all needed tickets and hotel reser¬ 
vations and sufficient cash for the probable trip duration. There can be no question 
but that these services greatly increased over-all efficiency by minimizing delays 
and interruptions in the technical work. 

From March, 1942 to April, 1944, the period of active recruiting of technical 
manpower, the Personnel Department reported directly to the Director and was 
concerned primarily with the search for manpower to meet internal demands. The 
laboratory was late in starting as a war activity and thus was unable to acquire 
and maintain a proper ratio of experienced supervisors in proportion to the younger 
and less experienced groups necessarily hired. In addition to a good deal of informal 
internal training, formal programs were instituted for the training of a group of 
physical chemists at Harvard and MJ.T. and for the training of groups of girl ma¬ 
chinists at the Worcester Trade School. In compliance with the wishes of OSRD 
and Harvard, no hiring was done m the draft vulnerable age group, except for fully 
qualified scientific personnel, with a resulting high proportion of women and older 
men being hired. 

With the transfer of Personnel to the Business Office in April, 1944, attention 
was given to pressing problems of salary revisions, routine personnel administra¬ 
tion, Selective Sennet problems, and employee morale. An employees’ Social 
Committee was sponsored and financed, a series of motion pictures and talks were 
provided to spread knowledge of the laboratory’s activities among the workers, a 
First Aid Room was established with a registered nurse in attendance, a complete 
job and salary survey of the laboratory was made and obvious inequities corrected. 
Selective Service continued to be a bugaboo throughout the history of the laboratory 
and absorbed much time and energy from the program. At times it seemed as if 
all the work that had been done and ali the excellent leadership of the Scientific 
Personnel Office of OSRD, had been in vain. Actually, no employee having technical 
ability of high order was drafted, but pressure became so great in May, 1944 that 
nine young Research Associates were scheduled for overseas missions, by agree¬ 
ment with the State Director of Selective Service, to avoid being drafted. Personnel 
activity was headed by Mr. W. T. Harrison until April, 1944 and by Dr. Gordon 
Sutherland thereafter until the close of the laboratory. 

Procurement, under the direction of Mr. C. L. Cole, was organized to handle 
all phases of obtaining and distributing equipment and supplies for the research 
groups, and included the functions of Purchasing, Subcontracting, Expediting, Pri¬ 
orities, Receiving and Shipping, and Stockroom. To provide a coordinating medium 
for preparing requisitions and offering technical advice on components, a Planning 
Department functioned independently of the Business group, but performed essen¬ 
tially business functions. This group also prepared specifications for all outside 
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Figure 49. P525A Jamming signal generator - for 
training use 
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shop work and controlled the scheduling of all Shop and model procurement work. 
Starting from nothing, these groups planned, purchased, and distributed the thou¬ 
sands of items required for a large research laboratory and its field stations and 
for the model and crash program procurement that followed. By June 30, 1944 the 
main stockroom aione contained 10,389 different stock items valued at $483,838. 

Later, when the laboratory was well established and had acquired a reputation, 
procurement difficulties eased, but in the beginning WPB, ANMB, ANC PEA , CMP 
and the other alphabetical control agencies seemed designed for the purpose of pre¬ 
venting RRL from obtaining the materials it needed to exist. From a precedence rating of 
D-2S0 the laboratory was promoted to A-241 and finally to A-l on several critical 
equipments. To illustrate the variety of problems encountered, Procurement waa 
called on one day for one each of every receiving tube type manufactured since the 
Deforest Audion (for noise study purposes) and shortly thereafter for all supplies 
and equipment needed fully to equip a one hundred man laboratory in England. The 
latter job was accomplished in one month by buying teams which went to New York, 
Chicago, Philadelphia, and Boston and coordinated their purchases each night by 
telephone until the required 10,000 items, many in critically short supply, were 
bought, packed, and shipped. 

With the cooperation of Transition a highly efficient system of subcontracting 
was worked out and used for 173 different contracts with manufacturers throughout 
the country covering procurement of RCM equipments valued in excess of $1,750,000. 
In general, the subcontract procedure called for construction of a prototype at cost 
with full technical and supply assistance from RRL, plus a supply contract for 20 
to 25 models to be designed and priced from the prototype exoerience. Early 
issuance of a Letter of Intent for the supply contract permitted advance procurement 
of critical parts and elimination of aU delays not inherent to the manufacturing 
process or the technical problems of the equipment concerned. 

A Facilities division was organized to provide the building space, equipment, 
and services required for laboratory operations. In addition to 30,000 sq. ft. par¬ 
titioned off in the North Wing of the Biological Laboratories Building for use by 
RRL, additional space to a final toUl of 104,000 sq. ft. was obtained in Cambridge 
by construction of temporary buildings and equipped with supplies for water, gas, 
compressed air, light, power, etc. While space available occasionally got below 
100 sq. ft. per person over-all, it was found that this overcrowding was inefficient 
and hampered needed internal flexibility. In all planning a minimum allowance of 
150 sq. ft. per person over-all was considered essential. Space was altered only 
to be realtered to meet technical needs, and crews of carpenters, electricians, and 
plumbers were constantly at work within the buildings, in addition to regular main¬ 
tenance, cleaning, and utility crews. This division also supervised the Travel De¬ 
partment ($10,000 per month travel volume), a Messenger Department, Traffic 
Department (11 beachwaguns and 2 trucks), an Instrument Department, a Wood and 
Plastics Shop, and a Cafeteria. 

Other •business* functions were Accounting (including some cost accounting 
required for pricing Lend-Lease and crash program transfers), budget preparation 
and control, security regulation education and enforcement and the maintenance of 
a g uar d force, coordination of business activities in England and Florida, and ad¬ 
ministration of an airport hangar operation. A Publishing Department, which started 
in a small way, increased tremendously during the final publication program as 
illustrators, letterers, spotters, proofreaders, typists, photographers, collators, ^ 
multilith operators, and others brought the total number of printed pages produced 
to two million and sixty thousand. 
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Radio Research Laboratory expenditures will ultimately total just^under 
$15,000,000, not including $710,000 expended by American British Laboratory of 
Division 15 in England. The breakdown of these expenditures for the periodfrolfi 
March 21, 1942 through February 28, 1946 is as follows: 


Classification 

Expenditures 

% 


-SaUrlca& Wages 

$6,293,000 

44.0 

m 

Equipments^ 

1,157,000 

8.1 

_ 

Supplies ""X. 

3,104,000 

21.7 


Telephone L Telegraph 

207,000 

1.4 

mm 

Postage, Express, and Freight 

164,000 

1.2 


Travel 

439,000 

3.1 


Heat, Light, and Power 

77,000 

0.5 

__— am 

Improvements and Alterations 

170,000 

1.2 


New Construction 

501,000 

3.5 

mm 

RCM Equipment Subcontracts 

1,618,000 

11.3 


Miscellaneous 

45,000 

0.3 

*m 

Overhead 

531,000 

3.7 

mm 

TOTAL 

$14,306,000 

100.0% 



Invention Disclosure 

In vio# of Harvard’s expressed policy that no patent benefits from its Govern- 
ment financed war work should inure to it or its employees. Contract OEMsr-411 
was written with the ‘short-form* OSRD patent clause and all employees under the 
contract executed agreements to disclose all inventions made during their employ¬ 
ment and generally to assist Harvard in compliance with its patent obligations. For 
a number of reasons, including security requirements, the OSRD later arranged with 
the Navy Department to take responsibility for disclosures under and in compliance 
with this clause and implementing agreements to this effect were executed and carried 
out 

In order not to divert energy from critically urgent programs or to develop too 
early a ‘patent conscious* attitude, no patent work was done until the summer of 
1943, when one man was assigned to the task and the beginning of a disclosure file 
started. Later in the year, a larger group was organized under Mr. C. W. Ollphant 
and continued by Mr. Elton Barrett when the former was assigned to a Technical 
Observer Mission in the Pacific. Mr. Barrett possessed the unusual advantages of 
technical training, experience as a Research Associate and Project Leader, and 
some legal training, and the work was completed satisfactorily under his direction. 

In order to ascertain what inventions or discoveries should be reported, periodic 
interviews were held with all research personnel and all Laboratory Notebooks, 
reports, memoranda, and models reviewed regularly. As an extra precaution all 
personnel, both technical and non-technical, were personally interviewed by members 
of the patent group prior to termination. A broad disclosure policy was followed as 
insurance of disclosure completeness and nice questions of patentability or antici¬ 
pation were left for the review of the Navy Department legal staff. A total of 606 
invention disclosures were made under the contract and one of its subcontracts and 
it now appears that the Navy Department will prepare patent applications on a large 
percentage of the disclosures. 
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Laboratory Shops 

During the peak of its activities, the Laboratory employed approximately 97 
machinists, virtually all of whom were assigned to the Laboratory's central ma chine 
shop. Work was carried on during day and night shifts. 


The number of draftsmen employed was approximately 50, or one to every 
four research associates. The majority carried out their work at a centrally lo¬ 
cated drafting room; however, for the sake of efficiency some were assigned to 
vidual development groups. 


In addition to the main machine and metal shop, the Laboratory maintained a 
variety of smaller special shops. The Wood and Plastics Shop specialized in m a kin g 
the plastic ‘Blisters* used to house, protect, and streamline antennas mounted 
aboard both aircraft and ships; much time was saved by having this facility at the 
Laboratory. Since all RRL prototype models were built in accordance with Service 
specifications, using sealed condensers, impregnated transformers, etc., it was 
found necessary to set up a separate Transformer Shop in order to assure a prompt 
supply of specially designed and properly encased transformers. The availability 
of this shop also greatly aided in the development of the unusually wide-band trans¬ 
formers used in some of the Laboratory's later developments, such as the AN/APQ- 
20 and the XMBT (Elephant) jammer. 


There was also a special Paint and Plating Shop, very necessary in the early 
days on account of the special metallic plating needed in connection with such items 
as the *Rollo* variable inductances used in many of the jamming'transmitters. 


In order to record the Laboratory's activities as well as to prepare photographs 
for the many reports, a Photographic Department numbering some four to five 
persons was set up. In addition to this group, which specialized in still photography, 
it was found that the need for training and indoctrination in connection with the 
rapidly changing countermeasures program, made it desirable for the Laboratory 
also to have a separate Motion Picture Department, numbering some five persons. 
This group recorded many transitory phenomena too complicated for still photo¬ 
graphy, and turned out many test, demonstration, and sample training films. 

The Test and Standards Laboratory, which had responsibility for checking each 
Laboratory prototype before its submission to a manufacturer, was staffed with 
some 16 persons of which 10 were research associates. A total of over 600 test 
reports of various kinds were published by this group; these reports varying in 
subject matter all the way from such things as the mechanical specifications of 
cable connectors, to the detailed electrical characteristics of microwave jamming 
transmitters. This Laboratory was directly responsible to the Executive Engineer, 
and provided means for obtaining objective evaluation of equipment developed at 
RRL. The Test Laboratory was provided with facilities for making both electrical 
and mechanical tests, including vibration, temperature and pressure. Its extensive 
use resulted in the apparatus design groups developing their design techniques to 
the point where first models of new equipment would always pass service tests 
without trouble by the time RRL was ready to release them. 


The internal group, which had the responsibility for making up a limited 
number of samples of each of the Laboratory’s developments, was known as Group 
Y. At its peak, this model shop, assembly, and test group numbered well over 80 
persons, of which roughly 17 were research associates. 
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It had its own test laboratory which tested Group Y production, and also models 
delivered by outside contractors. 

Field Testing 

Countermeasures development work requires relatively elaborate field testing 
facilities, since it is necessary to test new developments against captured enemy 
radars or equivalents thereof, as well as to test them under conditions as nearly 
“operational* as possible. 

In August, 1942, flight test facilities were set up in a hangar at the East Boston 
Airport. Three planes were permanently assigned to the Laboratory by the Army, 
and arrangements were made with the Navy to supply aircraft on request. The 
limited ground space available, however, prevented the setting up of more than one 
radar at the airport, and reliance had to be placed on the radars operated by the 
Anti-Jamming Division on the roof of the Radio Research Laboratory itself - a site 
which was far from ideal. When, in May, 1944, the RRL testing facilities were 
moved to a hangar at the Bedford Army Airbase (about ten miles from Harvard 
University) a much more satisfactory arrangement resulted. At this excellent 
location two ground radars (an SCR545 and an SCR648) were installed, and the 
Laboratory’s testing program greatly expedited. By the end of the war, some eight 
aircraft were permanently assigned to RRL; these included a B-29, a B-24, and 
two B-17's. The Laboratory maintained a staff of some ten persons at Bedford. 
Laboratory aircraft flew nearly 900 hours between May, 1944, and the end of the 
war. Important studies of the effectiveness of the AN/APQ-20 centimeter Jammer 
against the SCR545 radar were made at Bedford. 

In June, 1943, the Army Air Forces set up a countermeasures testing station 
at Auxiliary Field #9 (Florosa Field) of Eglin Field, Florida - headquarters of the 
Army Air Force Proving Ground Command. Division 15 was invited to share in 
the fa . lities offered by Florosa Field, and a small field laboratory staffed by RRL 
v?' set up in a building shared by a field branch of the army’s Aircraft Radio Lab¬ 
oratory. RRL’s staff at Florosa included a director, a business manager, three 
to six research associates, several technicians, and others. 

The Army Air Forces made available many aircraft for tests at Florosa. In 
addition, there were installed at Florosa a large number of radar equipments 
(operated by Army crews) ranging from a captured Japanese 100 Me set, to the 
latest in 10 Cm harbor defense-equipment. These facilities proved very valuable 
for those extended field tests which benefited from the inclusion of large numbers 
of aircraft and large numbers of radars; for example, studies of Window and Rope. 
Other Important work included tests of Carpet and Window against a captured 
German Wurzburg, when 12- and 18-plane formations were involved. 

However, in view of Florosa Field's remoteness from RRL and its relative 
inaccessibility, it was found to be more economical of research manpower to con¬ 
duct as many small-scale tests as possible close at home. 

Division 15 and Service Liaison Offices 

It is not strictly within the scope of this report to describe or evaluate the 
liaison offices which were maintained at the Cambridge laboratory by Division 15- 
NDRC, the Army Air Forces, the Signal Corps, or the Navy, but it would be unfair 
to omit mention of these groups or to fail to give crpdit for their substantial assist¬ 
ance to the program. As activities increased in tempo, it became apparent that ad- 
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ditional facilities for expedited action on the part of these agencies wasnecessary 
if serious delays in the program were to be prevented. 

The Service Liaison offices, Navy, Signal Corps, 
stemmed from existing groups at Radiation Laboratory, MJ.T. However, in 

liaison officers, and all asslsled greatly In |>ro"’»<“8 

close cooperation between it and the respective Service laboratories, planning gr P», 
and field forces. 

NDRC-Division 15 also recognized the necessity for maintaining an ^credited 
government representative in Cambridge. In September 1943, Mr. D. B. Harm 
was*assigned to Radio Research Laboratory as Technical Aide with full delegated 
authorityto act for the Contracting Officer in virtually all matters SkSfJmm si- 
interests of the Government. In addition, Mr. Harris was charged withJhe respona 1 
bibty of coordinating the activities of the Uboratory with those of f*. 

tractors of Division 15 through the Division 15 Committee As activity taemMd, 
n Uc.me necessary to increase the staff of the Division » Cambridge office from 
its 3 to an ultimate group of 10, including a second Technical Aide, Mr. H. W. Albrecm, 
who joined the organization in February, 1944. 

Demobilization 

After the OSRD demobilization flurry in October and November of 
followed a policy of scrutinizing all new project requests apd only accepting those 
which (1) could not be properly handled by other agencies (2) wjxe^f £tch 
character as to be of obvious importance to the war, and (3) could be com 
pleted with relative rapidity. As an example, the largest .commitment undertaken 
under this policy was the Elephant project {accepted in February, 1945, with a 
completion date of August, 1945), in connection with which RRL was in a position 
to make a unique contribution. 

As a result of this policy, RRL was in a very fluid condition when tee Europe" 
war ended in May, 1945, with virtually no commitments that could "t * metjy 

the end of 1945. After V-E Day but before V-J Day, ptaai‘ 1 ** ti£di^ 

shift in emphasis away from the development of new devices and more in the di 
rection of taking effective use of existing equipments ^^t tee^pmese 
Pacific AooUcations Committee (whose assignment was the detailed study of the 
Pacific RCM) was set up in May. The Laboratory’s Field Division was at the same 
Eme lxSd^l was S^tnicted in June to devote the next sixty day. to doing 
everything possible to increase the usefulness of equipments already in the Pacific. 
(That iMo^arry out studies of the best use of antennas, jamming power require¬ 
ments, installation problems, etc.) 

Longer-range plans involved a greater expansion of U. S. and‘®**”*** fl **d 
work (Dyer, after his return from ABL-15, was to be in charge ^ 

The field group was expected by January l, 1946, to represent at tewth^ofthe 
technical activity of RRL. Research and development work was expected to be 
»eaUy rtSuced by trsmsfer of personnel to field problems. It was further expected 
tJLnninff in August there would be a slow reduction in number of technical 

toTlr «turn"to former Jobs, etc. Thus the Uboratory was weU 

prepared for a sudden cessation of the war. 

An excellent example of the effectiveness of the Laboratory’s Uaison with the 
Services and of the value of the liaison activities was provided by tee laboratory s 
demobilization program put-into effect immediately after V-J Day. 
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When the end of the war was obviously approaching, the Laboratory’s Project 
Committee reviewed all projects in hand and divided them up into three categories^ 
those whose nearnccr t? '•ompletion or whose post-war merit was sufficient to 
warrant their being car* h-d on to a conclusion (provided this could be achieved no 
later than November 1, lf45); those whose importance was such that they 
be earned on to a point at which the value of past research would be preserved;, 
and those of no further possible usefulness which should be dropped. Classification 
of the work into these categories was facilitated by the fact that by the end of the 
Japanese war, the Laboratory was working on very few long-term research proj¬ 
ects. By that time, the emphasis of the program had been shifted almost entirely 
to such short-term items as field testing, operation analy*i« . md minor modi¬ 
fications of existing equipments, i.e., to activities of immediate op. rational use. 

The Project Committee's proposed disposition of the Laboratory's projects 
was referred on August 18 to the various interested services, and a meeting was 
then held at RRL on August 23 at which the Laboratory's proposals were reviewed 
in detail by the Services. The Laboratory's recommendations were adopted with 
very minor changes. The fact that the Laboratory’s proposal had been so close 
to the Services’ own wishes is good evidence of the close contact and m utual under¬ 
standing which existed between the Laboratory and the Army and Navy agencies 
with which it did business. In accordance with this agreement, a certain proportion 
of the Laboratory’s projects were transferred in their entirety to Service research 
agencies such as the Naval Research Laboratory and the Aircraft Radio Laboratory. 
The "transfer' of projects here means both the transfer of all equipment prototypes, 
etc., and the provision of complete final reports outlining all work done at RRL. 

Although many Laboratory prototype equipments were transferred to the 
Services alonr with specific research projects, a considerable number of models, 
manufacturer j' samples, etc., still remained on hand. These were offered on 
August :’,4, to the various Interested branches of the Services in a systematic way, 
and the entu' lot - some 250 items - was thus disposed of piecemeal. 

The physical plant of RRL (office furniture, machine tools, work shop equip¬ 
ment, etc.) was transferred Intact in accordance with a unique arrangement con¬ 
cluded with the Office of Research and Invention of the Navy Department. Whereas 
other NDRC Laboratories had been liquidated either through the Surplus War 
Properties Administration, or through Army and Navy committees which selected 
more or less at random those items in which they were interested, the facilities 
of RRL were turned over as a unit to the newly organised Airborne Radio Division 
of the Naval Research Laboratory. This disposition was eminently satisfactory 
to both parties concerned; Harvard University was thus able to transfer the physical 
plant of RRL as a unit, and the Naval Research Laboratory acquired complete 
Laboratory facilities to serve as the nucleus of their new research organization. 

By December 15, 1945, all RRL projects equipment, models and prototypes 
had been turned over to the Services, and the transfer of the machine tools, office 
furniture, radio component stocks, etc., was gettlhg under way. 
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VII. A BRIEF SUMMARY OF THE OPERATIONAL USE OP 
RCM EQUIPMENT IN yORLD WAR S 


Introduction 

The following Motion is intended to give an ‘f* 

indicate their relative importance (when possible), and to give some - 
number of countermeasures equipments involved. 

No attempt will be made to give technical details either of the 
selves or of the RCM gear used. Full information of this sort is availab 

other sources. 

1. European Theater 

Th* first exclusively United States operation in this theater was, of course, 
the N^rth^icS Sv Jl Not long after our troops had estabUshed U>emsel^ 
in North Africa, concern was felt by the Theater Commander over 

defenses of Sicily and Italy, which were found to be a to* the Army 

aircraft and to our next amphibious operation itself. It was decidea imu we7 
Air Forces would undertake a program of radar scouting in order to PP 
toe work being done by a British investigational gr°up(192 S^^to to^Ur^ 
already been operating in the Mediterranean area. Cabled requests to urn 

States for the necessary equipment with which n radar searched 

ration and dispatch to toe theater of a specUUy equipped “^ umber 

2s tssgg 

to North Afric. m 

engineer. Other technical observers from RRL foUowed later. 

This plane was the first of a series of Ferrets sent to the ^ 

Theater*which did an important job of locating and pinpointing enemy radar dotting 
the Northern shores of the Mediterranean. 

in addition to the German early-warning and coast-watching r«i^s, many 
antiaircraft gun-toying equipments to t^rn 

These were a menace to our heavy bomber 1 ?. fitS^wS 

“o««r, Mrivrtl to time <0 tolit PJJi*»'“ 
was the first use of Carpets against the German wuriourg «« 

The Navy’s first operational use of jamming equipment came <*f***J*£“!’ 
ings at Salerno. In ordVr to protect our vulnerable landing^**2**”*r~ 
•P . r.f *Dm»* (AN/APO-2) Jammers were rushed by air direct from 

SEE twhere they ‘^.-"£2."”' 
wd used against the German coast-watching radars with good success. These 
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sc-si^ 

mission.. * m^e “hT^SMT»w 

in advance of the regular pr<2u^^on wa teet^l in . n S made U P ** R*L 

attached to a British counter^ J *° ^ *"^er 

2?" a « ainst 1 British radar similar to the (JlrmfnWmrz^ * 

loved by an urgent request to the trniw tZ. 7T, 7 urzour K- Thin was fol- 

Flown to the thVater by aS Sd tosUUeS ot <****- 

stationed in England sixtv-eieht of «, < supervision of an RRL engineer 

in October, 19437^7th iSuSSU^SSSSi M" ? rV,Ce f ° r 0,6 tlrBt U ®« 

during the first raid to Breme* were cut in half TteThL?? T £ t ~T i ' llPPeii group * 
mediately placed a requirement TheThe ater Headquarters im- 

be equipped with Carpet. y mber earmarke<1 for the 8th Air Force 

HftlMIIS# 

S^^SSSSSSSSST 

sf “si?"- "• wssrsfisv., 

an ofM^ ne^c?^ 2 ^ Urpet8 “ d October, 1944, 

««e y 9 per cent of the Air Force was equipped with jamming transmitters. 

? 0W f t ? r ' th * re w “ no shor tage of Window during this period and the enth...< 

^maUv imrJSS^J. ,P^Poae training in the use of this countermeasure 

quire ments tor £^5^^ 

totroducH^,^ i Wtod< ^Ll nCreased shsrply during the summer of 1944 due to the 

MW and better U * S * Productton Window, mjldl 
possum by RRL-designed machines, was available to fill the demand. 

theirowjT bUnd ^“hing operations began to come into 

• From this time until the end of the war, roughly 40 percent of the 
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press release 



Figure 55. Spot jamming installation in a B-24 
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Figure 56. RCM installation in a PB4Y-Z search bomber 
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strategic missions carried out by the heavy bombers were made over 8/10ths cloud 
cover or better. (The average number of days per month on which operations were 
possible rose from 9 in 1943 to 22 in 1944.) During this same time, German fighter 
opposition waned, and the Germans were left with no defense against blind raids 
save their anti-aircraft guns whose radars were being Jammed. Under visual con¬ 
ditions, the Germans were no longer able to use smoke screens effectively, since 
our HoX could ‘see* through the smoke, while our RCM prevented the enemy from 
aiming his guns through it. Blind bombing greatly increased the scale of the U. 8 . 
air attack, by making operations possible on dayc wh.n planes would otherwise 
have been grounded. That the losses during these attacks were unusually low, can 
be directly attributed to the success of RCM. 


Since by the late spring of 1944 large numbers of Carpet transmitters had been 
delivered by the manufacturers, RRL became deeply concerned by the continuing 
shortage of these equipments in the theaters. Led by Mr. A. E. Cullum, Jr., an 
Associate Director of the Laboratory, a thorough investigation of the U. S. Supply 
situation was carried out. As a result of this investigation, tremendous efforts 
were made to expedite the shipment of Carpets, and these transmitters, a thousand 
at a time, began to arrive in the European theater by September, 1944. They could 
not have been more welcome, because by that time, German fighter attacks were 
no longer a serious problem due to our bombing of German industry and due to the 
long-range fighter escort accompanying our heavy bombers. As fighter opposition 
decreased, losses and damage to flak became of greater and greater importance; 
moreover with flak their only defense against bombing missions, the Germans were 
doing everything in their power to make their already powerful anti-aircraft 
batteries more effective. 


It is no wonder, therefore, that when the Carpet transmitters arrived in Eng¬ 
land, a tremendous effort was made by the operating forces to install thet a equip¬ 
ments in the shortest possible time. They were materially aided in this by engineers 
of ABL-15. These men helped the 8th Air Force train field installation teams; 
they assisted with mock-ups; helped break supply bottlenecks; set up operator 
training courses, and even went out to the many Groups receiving the new equip¬ 
ments in order to help with the installation and initial performance checking. To 
give some idea of the siae of the undertaking, roughly 2000 AN/APT-2 equipments 
(Carpet I) and 4000 AN/APQ-9's (Carpet m) were sent to the European theater and 
there installed aboard operating bombers during the intervals between operations. 
(The 8th Air Force had some 3000 planes in all). 

With the help of a staff member of ABL-1S on loan to the Operations Analysis. 
Section, Headquarters 8th Air Force, plans for the most effective use of these 
equipments were worked out and modified as the changing conditions required. 
Changes in the Wurzburg frequency distribution were monitored by an 8th Air Force 
search program organized by ABL-15. By November 1944, over Mlf the 8th Air 
Force was protected by electronic Jamming installations in addlt a to Window. By 
December, over 80 per cent of the Air Force was protected by C rpet. 

According to the final installation plan, two aircraft in each air squadron were 
given spot Jamming installations of three transmitters and one receiver each, while 
all other aircraft (with the exception of a relatively small number of Pathfinders) 
were equipped with two barrage jamming transmitters apiece. Roughly 500 AN/APR 
4 receivers, for spot Jamming installations and investigational work, were shipped 
to the European theater in all. * 
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TbuSf by tie end of the war, every heavy bomber (Pathfinders excepted) attack¬ 
ing Germany was equipped with at least two, and in many cases three, jammers 
developed by the Radio Research Laboratory. In addition, each plane was assigned 
720 units (about 100 lbs.) of Window to be used simultaneously with the jamming 
transmitters. (The total requirements for chaff had climbed, by this time to the 
staggering figure of over 2,000 tons per month.) No objections were raised to the 
carrying of all this extra weight; in fact, the operating forces insisted on it( 

In the Mediterranean theater, the story of the installation and use of Carpet and 
Window was roughly parallel to that of the 8th Air Force. Chaff was first used in 
February, 1944, and was enthusiastically received. The operating forces in that 
theater showed much ingenuity in the use of this countermeasure. Aided by RRL 
technical observers, who had accompanied the Mediterranean Air Forces since the 
days of the first Ferrets, such things as Window "bombs* - containing large amounts 
of Window, and dropped ahead of the main formations by fast fighters - were used 
with excellent success. In addition, by February, 1945, every group of the 15th Air 
Force had electronic RCM protection. 

The results of the Carpet-Window attack on the Wurzburg radars were thoroughly 
assessed by ABL engineers who accompanied the first Intelligence teams to enter 
Germany after VE-day. Questioning German personnel from Luftwaffe generals to 
Wurzburg radar operators, they found that the morale of the entire flak organiza¬ 
tion had been affected by our countermeasures. Many believed that flak and radar 
were "outmoded* weapons. Nevertheless, by the end of the war, the extent of the 
German flak effort (which enjoyed the very highest priority) had truly been enormous. 
There were, in all, over 16,000 heavy guns, ranging in size from 88 mm to 105 mm, 
these were controlled by over 4000 sets of Wurzburg-type fire control radars and 
optical predicting equipments. 

In order to save this enormous investment (estimated at over a billion dollars), 
the Germans devoted a tremendous effort to the reduction of the effectiveness of 
our countermeasures. Since the scale of our RCM effort was small at first, the 
Germans hoped to salvage their investment with palliatives, and developed and 
introduced in the field over thirteen anti-jamming attachments for their Wurzburg 
radars. At the end of the war more than nineteen anti -j ammin g proposals were 
under active development, yet none did the job! The Germans admitted that our 
combination of Window and noise jamming had been too much for them. 

The number of scientists tied up by this tremendous effort was remarkable. 
According to Dr. Esau, who was head of all German high-frequency research at the 
end of the war, as high as 90 per cent of all available electronic engineers were 
tied up at one time on various phases of the anti-jamming program. As an average, 
about 50 per cent of the total, or about 4,000 persons, were assigned to this work. 

This is in sharp contrast with the perhaps 400 trained engines A (at RRL and. else¬ 
where) who worked on countermeasures problems in the U. 8.1 

The Germans were prevented by our countermeasures from developing ten 
centimeter radar; they simply did not have enough engineers to exploit the new 
microwave techniques and at the same time carry on the anti-jar iming work at the 
scale they did. 

On the basis of interrogations carried out after VE-day (taken in the light of 
German records of Allied jamming, etc.), it is concluded that during the period from 
October, 1944, to the end of the war, the effectiveness of German anti-aircraft fire 
control radar was 25 per cent of normal. From this, and information on operations 
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Figure 57. DBM spinner mounted alxnre the radar on the 
foremast of a DE 
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Figure 59. Laboratory prototype of the TDY transmitter 
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supplied by the 8th Air Force, it is estimated that during this same period ojer450 
bombers (not to mention up to 4500 crew members) were saved by the timely ap¬ 
plication of Carpet and Window in the 8th Air Force alone! 

Interrogations at Ploesti in Rumania (the second most heavily 
in all Europe) revealed that over 25,000 rounds of heavy anti-aircraft fire were re 
quired by the Germans to shoot down one of our planes after the introduction 
countermeasures. 

The 9th Air Force, by way of an experiment to see if Carpets could be usedln 
medium bombers,‘tried Zt a dozen or so in their B-26's. Ve^tisfactor, spot 
jamming installations were made, with the help of ABL-15, and the ' ** 

of the arrangement was proved. However, the lower fl^ losses suffer^ 
tactical air forces never raised the priority on RCM high enough to make electronic 
jamming installations worth the effort, although Window was used! l ° g *‘ 
and search programs were carried out in both the 9th and the 12th Air ^ orc *®‘ 
cause of the type of targets they attack, the altitude at which they operate, and 
type of formations they fly, medium bombers are less vulnerable to flak. 

In addition to the protection of heavy bombers during their AU 

Force found another use for countermeasures gear as well. At “** 
the long-range fighter plane had been perfected, it was to the advantage of the 8th 
Air Force to avoid fighter interception as much as possible. One way catchfoe 
German fighter defense system off balance was to deny the enemy «dar observation 
of our planes while they were forming up over England 
a jamming 'screen', consisting of several planes each equipped 
was proposed. By flying over the channel coast, these planes could ^ 
while they assembled for a mission. Although screening planes were so equipped 
iiTthe hefo ofTBL engineers - and the operation tried, the idea was evenfoaU, 
dropped because it became the policy of the 8th Air Force, after the 
long-range fighters, to allow the Germans as much warning of our approach m they 
desired. Screening missions were never attempted in the Mediterranean Theater 
because the geography of the area removed the possibility of achieving any kind of 
strategic surprise through countermeasures. 

Virtually the only occasions for the use of RCM equipment by the U. 8. Navy la 
the European theater, (aside from he landings at Salerno, Anzio, etc. during the 
early Mediterranean operations.) were the invasions ^ormand, I So**™ 
France. Of these two operations, Normandy represented the largest from the 
countermeasures point of view. 

In anticipation of our invasion, the German radar defenses of Northern ******* 
and the Channel Coast in particular, had been made extremely formidable. The 
JJemy installed radarsof all kinds - Coast Watchers, early-warning Freyas, 
and even Wurzburgs which had been adapted for surface search and fire- 
No less than 12 different varieties of these basic equipments were to be found in 
the so-called 'invasion belt'l There was an average of one radar for every one 
to one and one-half miles of coas tl i ne . 

The invasion itself consisted of a main Naval attack force plus two diverstooary 
forces which proceeded to the north and the south of the actual invasion site. In 
addition to these Naval activities, there were airborne troops to protect as welL 

The enemy had to be denied, in so far as possible, any advance knowledp of 
the rr at " points, as well as advance knowledge of the strength of the forces 
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involved. In addition, he had to be denied the ability to direct gunfire at our forces 
under “blind* conditions. 

Prior to the invasion itself, the U. S. and British air forces carried out a tre¬ 
mendous aerial bombardment of German radar installations along the entire coast 
of Northern France. Some 5,000 tons of bombs and no less than 3500 rockets were 
expended in this effort. The attack undoubtedly put a fair percentage of the potentially 
dangerous German radar stations out of action. The remainder had to be knocked 
out by jamming or deception, or a combination of the two. 

Both U. S. and British Navies decided to install a large number of unattended 
and manually-operated jammers aboard their ships and landing craft. The effective¬ 
ness of these equipments was established during a series of invasion rehearsals 
held at a testing site near Edinburgh in Scotland. Here, with the help of ABL-15 
and other civilian engineers, both U. S. and British jamming equipments were tried 
out against captured German radars in representative Naval vessels. Civilian 
engineering assistance proved valuable at this juncture, because it was found that 
certain of the jamming transmitters interfered with other essential services when 
operated in close proximity to them, as during an Invasion. 

The American Navy, assisted by engineers from ABL-15, installed some 76 
jammers (originally designed for airborne use) in landing craft. In addition, 10 
high-power magnetron jammers (CXFR's) were installed on cruisers, battleships, 
troop carriers, etc. In addition to these strictly jamming installations, search 
installations (covering the complete spectrum up to 6,000 megacycles) were made 
aboard two cruisers. Since ail of this work was carried out with the assistance o'f 
ABL-15, the number of equipments involved is known with some certainty. However, 
much additional equipment was installed by Navy ROM teams and other personnel; 
according to official information, a total of 262 vessels of all types received RCM 
equipment of some sort. A total of 55 warships were given this protection, and the 
Navy’s countermeasures installation program alone tied up more than 50 officers 
and men for a period of seven weeks. Of the 88 Jamming equipments installed 
under the supervision of ABL-15, 45 or roughly 50 per cent were equipments de¬ 
signed by RRL or designed with the direct assistance of RRL. 

Of the many ships of the British Navy given RCM protection, a very large per¬ 
centage were scheduled to receive American-built RCM gear. It was soon realised 
by the British, as well as by representatives of ABL-15, that there were by no 
means enough persons familiar with American equipment available in the British 
Isles to do this Job. Additional help from the United States was urgently needed. 

This led to General Eisenhower’s request to General Marshall for 18 U. S. engineers 
to assist the British Navy with the installation of U. S. Jamming equipment. The 16 
men arrived in record time; 13 of them were at once assigned to the installation 
work which took place in some ten widely separated ports, ranging in location from 
Exeter on the South Coast, to Scapa Flow in the Orkney Islands. In all, this group 
installed 284 RCM equipment^ of which 90 per cent were designed by RRL. In 
thanking the Americans for their help after the invasion, the British sUted that they 
could not possibly have dime the work by themselves. According to Commander 
Robinson, the British naval officer in charge of the work, a total of 530 jamming 
equipments were installed in both Navies, of which roughly 400 were American- 
built. 

In addition to jammers, both British and American Naval diversionary forces^ 
employed balloon-supported corner reflectors which increased the apparent sise 
of these vessels when under radar observation. In addition, the Air Forces dropped 
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large quantities of Window from low flying, circling aircraft over many of then* 
ships, thus still further increasing their apparent "site.* 

German fighter opposition, a serious threat to our Airborne operations, was 
successfully diverted by the British during the night before D-Day. A small force 
of Window-laying aircraft, which flew across the Channel north of the invasion 
area succeeded in giving the Impression that a large bombing force was about to 
enter Germany at that point. Having drawn up the German fighters, these planes 
then jammed the German communications channels in order to still further disrupt 
the enemy fighter control system. Just prior to the actual airborne operations 
themselves, American aircraft carried out Window diversions intended to simulate 
a number'of different airborne attacks in order to divide still further the German 
defenses. / As a result, our airborne landings in the Normandy Peninsula were 
carried o^t with remarkably low losses - less than 1 per cent. 

As nearly as can be determined, the RCM phase of the Normandy operation 
was a success. It is known that the German were led to believe that the invasion 
was taking place at a point further north than that at which it actually occurred. 
During a later Interrogation, an enemy radar operator located at what became the 
Omaha beachhead asserted that he had not known what was approaching; he had 
merely been aware that something unusual was taking place. When one U. S. Cruiser, 
not equipped with jamming equipment, found itself subjected to uncomfortably 
accurate enemy fire, the officer in charge of the operation directed that ship to 
change places with another cruiser equipped with a jammer. As soon as the sub¬ 
stitution had been made, the enemy gunfire became inaccurate and soon stopped 
altogether. 

The invasion of Southern France followed the pattern of the Normandy operation. 
This time, however, the Air Forces’ shooting up of enemy radar stations prior to 
the operation was begun too late to be effective, and the full burden of protecting 
the assault forces from enemy radar observation fell on the RCM equipment. Again, 
the invasion itself consisted of an assault force, plus two diversionary forces. 
According to one official source, 500 RCM equipments, including receivers, were 
installed aboard U. S. Naval vessels alone. It is known definitely that a total of 260 
jamming transmitters were installed by both the British and American forces taking 
part in this operation; 80 by the British, and 180 by the Americans. Tb* main 
assault force was allocated roughly 85 per cent of the available jamming equipment; 
the remainder were installed in the diversionary forces. These diversions were 
deliberately given Incomplete jamming protection so that ^ “ 

to "see* the corner-reflector-equipped and Window-protected spoor ships 
approaching. 

In the main forces, RCM equipment was installed oh the following O. 8. and 
British ships: 4 battleships, 2 transports, 12 cruisers, 15 destroyers, 24 mine 
sweepers, 57 auxiliary mine sweepers, 2 mine sweep tenders, and * c "“~ 

In the diversionary forces, RCM equipments were installed1cm 1 destroyer, 2 pm 
boats, 4 torpedo boats, and 4 sea rescue launches. From this, some lwi can be 
gained of the types of ships selected for RCM protection. 

Virtually all of the Naval RCM equipment used in this operation, as was the 
case in Normandy, was designed by the Radio Research Laboratory. In addition to 
the equipment carried by the ships themselves, the landings were Prated by 
jamming from RAF aircraft, as weU as from a number of Dina-Amplifier com¬ 
binations operated by a U. S. Signal Corps ground jamming detachment on the island 
of Corsica. This expedition, known as Beaver n, Included two RRL technical ob- 


c:onfii>i:nii.u 



411-299 


roM-mi^iyi 


servers, and a urge portion of the jam min’ equipments used had been c f zs * l ~V™~ 
duced at thv Radio Research Laboratory itself. In addition to jamming during the 
invasion, listening and intercept work carried out by the Beaver expedition * r0 “ 
the Corsica location gave valuable information on the behavior of the German raoars 
as »1L 


As in the Normandy operation, civilian assistance rendered to the U. S. and 
British Navies was extremely valuable. Men were loaned from ABL-15 for the 
occasion. Only eighteen days before the Southern France operation itself, not one 
installation of RCM eqipment had actually been made. Yet by the timeofthe 
ation itself, some 95 per cent of the originally planned installations had been completed! 


As far as can be determined, countermeasures were as successful during the 
Southern France operation as in the case of the Normandy invasion. The Germans 
got very little use out of their equipments. For example, the Beaver group in 
Corsica found that five out of six Coast-Watcher radars left unjaromed, went oO 
the air for some reason during the invasion! 


n - Pacific Theater 


The countermeasures war in the Pacific Theater differed from its counterpart 
in Europe in several important respects. By comparison, Japanese radars were 
widely scattered in location and were not encountered in numbers large enough to 
be of operational significance until late in the war. Moreover, ihe only Japanese 
radars of any consequence were relatively low-frequency - in the 70-200 Me range. 
They were easier to jam in view of their wider beamvidths and longer pulse lengths* 


Radars found on widely separated Japanese islands could be dealt with by means 
of techniques often simpler than those necessary when Urge numbers of equipments 
are concentrated in a small area. For example, in the Southwest Pacific, our Air 
Forces often successfully put radars out of action by direct attack. However, 

“radar busting* could not profiUbly be carried on as we neared the Japanese home 
ig lands. Where the number of operating radar sets wras larger. 


In velw of the reUtively smaller number of Japanese radars, intercept work 
was operationally more important in the Pacific than in the European areas. Our 
submarine, surface, and air forces all made effective use of search receivers to 
warn them of enemy radar; this was done so effectively, that the Japanese, in many 
instances restricted the operation of their equipments in order to prevent giving 
themselves away. Our forces took advantage of Japanese radars almost more often 
than they Jammed them. 


The first definite evidence of the existence of Japanese radar came to light 
during the Invasion of Guadalcanal, when U. 8. Marines captured a primitive Jap¬ 
anese air-war ning set. Two of these same radars were later spotted in photo¬ 
reconnaissance pictures of the island of Kiska, and since they would expose any 
force attacking that island to radar detection, the ArmyAir Force* lost no time la 
sending a specially fitted B-24 search plane to the Alaskan theater in the early part 
of 1943 in order to confirm their suspected nature. The Radio Research Laboratory 
helped to equip this plane, which was flown to the East Boston Airport for the pur- 
nose. Since the SCR587 search receiver could not tune below 100 Me (the originally 
suspected frequency of the Japanese radar was 60 Me) RRL developed a 30-100 Me 
(the TN-1) tuning unit especially for this mission in a matter of 19 days! The exist¬ 
ence of two Japanese radars was soon verified, and their frequency found to be 98 Me. 
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This was the first instance of an enemy radar haring been heard on U. S.-built 
countermeasures equipment carried in a plane. 

Steps were taken at home to make sure that these radars would be put out ot 
action on the day of the invasion of Kiska. The island of Amchitka, approximately 
fifty miles away from Kiska, whose mountainous top was within line-of-sight of 
that island, was selected as a suitable site for a ground-based Jamming installation, 
known as project 'Beaver 1/ The Signal Corps* First Special Signal Platoon was 
formed and outfitted with prototype low-frequency Jamming transmitters supplied 
by RRL. An RRL technical observer also accompanied this expedition to Amchitka. 

Shortly before the invasion Itself, further radar reconnaissance being carried 
out by Army and Navy patrol planes in the vicinity indicated the possibility of the 
existence of a third, higher frequency radar on Kiska. This resulted in an urgent 
request to RRL for a prototype of the newly-developed “Rug* transmitter which 
would cover the 300 Me range, and an engineer to accompany this equipment to 
Alaska on an Air-1 priority. 

However, by the time the Beaver Expedition had set up its equipment and placed 
its receivers’in operation, the Japanese had blown up their radars prior to abandon¬ 
ing the island two days in advance of our invasion. As a result, the various Ja mmin g 
equipments were never used; however, the experience gained was very valuable and 
the Beaver project itself set the pattern of others which were to follow. 

In the South Pacific, RCM activities were coordinated by a Joint Army-Navy 
organization known as Section 22 of General Headquarters. In the early days of the 
war, little more than organized search work, which led to the pinpointing of many 
Japanese early-warning radars on the islands north of Australia, was needed. The 
Japanese radars were not plentiful enough, or well organized enough, to constitute 
any threat to our operations. Some air-warning sets were known to have been turned 
on only after a bombing attack had begun! 

Other activities of Section 22 included training Allied operators in anti-jamming 
techniques and educating the Forces in that theater to the possibilities of RCM. 

Radar search work was carried out by Navy PBY patrol planes - operating at 
night and known as 'Black Cats', by PT boats, and even by submarines. Later on, 
this work was greatly strengthened by a series of Ferret planes sent over from the 
States. RRL technical observers accompanied the Ferrets from the very start. 

Much of the ambiguity of the early radar intercept data received from this theater 
was resolved after the U. S. Ferrets, with their modern equipment, arrived on the 
scene. Reports of relatively high frequency radar intercepts, for example, ceased. 


When the pace of the Navy’s Pacific campaign began to be stepped up, it was 
soon realized that RCM would have to be handled in a different way in this theater 
than had been the case in Europe. In the Pacific, the Navy was obliged to deal with 
not one or two D-days, but instead a whole series. It was not possible to handle 
RCM by means of teams of experts who were sent to each locality for each particular 
Job. Instead, it was decided that each ship of the Navy should be made self-protect¬ 
ing, and given adequate countermeasures defenses as part of its standard equipment 
This decision led to a large-scale shipboard RCM installation program, of a size 
almost comparable to the installation programs of the Army and Navy Air Forces. 
(Our Navy included roughly 450 destroyers, 3$0 destroyer escorts, 250 submarines 
and 100 cruisers, not all of which, of course, were in the Pacific at any one time.) 
All ships from destroyer-escort-size on up (including submarines) were given a 
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‘type allowance" of Intercept epuipment; H «Mp. (ro» I M ^ « * 

(not including submarines) were given a type allowance of Jammtag equipment 
a ££?percentage of the Pacific Fleet was equipped according to this plan. 

Following is a listing of the main types of RCM equipments being installed 
aboard Naval vessels, as of early in 1945, with comments: 

RDO Search Receiver 40-3400 Me u J? tS design 

SPR-1 Search Receiver 40-3400 Me * 

SPR-2 Search Receiver 1000-12,000 Me Modified RRL Design 

RDJ Pulse Analyser 
RDP Panoramic Adapter 

nni« Direction Finder 90-5500 Me RRL Design ; 

TO? fammer 60-1200 Me Basie Transmitter research done at 

1 UX jammer HRh. TOY antenna system RRL- 

designed. 

AU antennas for the above equipments were designed by RRL. 

Under the same overall plan, allowances were set up for equipment al- 
located to carriers (CV’s, CVL’s), for use in carrier aircraft (TBM, etc.). By 
end of the war, these included the following: 


40-3400 Me 
40-3400 Me 
1000-12,000 Me 


90-5500 Me 
60-1200 Me 


APR-1 Search Receivers 40-3400 Me 

APR-2 Search Receivers 100-1000 Me 

APR-5 Search Receivers 1000-12000 Me 

APA-11 Pulse Analyzer 

APA-23 Recorder Attachments 

APA-3B Panoramic adapter 

APT-1 Jammer 

APQ-2 Jammers 

AM-14/APT Jammer Amplifier 

AM-18/APT Jammer Amplifier 

APQ-20 Jammer 2000-4000 Me 


RRL-deslgned 
RRL-designed 
RRL-designed 

RRL-deslgned 

RRL-deslgned 

RRL-designed 

RRL-deslgned 

RRL-designed 

RRL-designed 

RRL-designed 


All antennas for these equipments, too, were developed by RRL. 

Search receivers were used in surface ships during the original attacks on the 
Marshall Islands, although Japanese radar was not a factor in those campaigns. 
Receivers of this type were also used to good advantage, for example, during the 
SoretombardmentToi the Kuriles and of Iwo Jima. In the latter i^tance, our 
cruisers approached under a condition of radar silence in order to have the ad 
vantage of complete surprise. 

As the war moved further West, more Japanese radar began to put in 1U ap¬ 
pearance. Fairly effective search light and anti-aircraft fire control radars began 
EwIScoJS U W lore. .pp,°»ch«l th. PhlllppM ..to * 

Formosa. The Japanese first used Window in October, 1943; by October 1944, our 
own Naval forces were making good use of this countermeasure. 

in addition to its use by the surface forces, RCM was employed to good ^vantage 
in theNayyscarrie r aircraft. Carrier-based planes making strike, over the Clark 
Tit Id areYin the Philippines, for example, carried Window ndHeptla' 
them against the Japanese searchlight-controlled radar. Our night hecklers , 
te ams of fighter and torpedo planes assigned the task of maintaining a continuous 
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Figure 66. Two types of Rope - a countermeasure widely 
used against the Japs 
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patrol over Japanese airfields when our carriers were in the vicinity, were given 
the protection of Window and spot jamming RCM installations. These last were 
operated by the radio operator in the three-man TBM torpedo bombers. Carrier 
plane RCM was used to good effect; on many occasions, the Japanese radars reacted 
to our jamming by shutting down or going off the air. 


Considerable radar search work was done by the long-range Navy patrol 
rons which paced our land forces during their island-hopping advances. Operated 
out of advance bases, these planes had the job of searching oid Japanese shipping - 
an excellent opportunity for radar search work as well. Foreseeing this, the Bares® 
of Aeronautics had set up in 1943 a program for equipping the PB4Y2 Privateer 
search planes with the very latest in radar search and jamming equipment. These 
planes, of which over 600 were delivered, were introduced on a wide scale at the 
end of the war. Their allowance of RCM equipment included: 


1 AN/APR-1 
1 AN/APR-2 
1 AN/APR-5A 
1 AN/APA-11 
1 AN/APA-17 
1 AN/APA-24 
1 AN/APA-10 
1 AN/APA-23 
1 AN/APT-1 
1 AN/APQ-2 
1 AN/APT-5 


Search Receiver 
Recording Search Receiver 
Microwave Search Receiver 
Pulse Analyser \ 

Direction Finder (high frequency) 
Direction Finder (low frequency) 
Panoramic adapter 
Recorder Attachment 
Jamming Transmitter 
Jamming Transmitter 
Jamming Transmitter 


RRL-developed 
RRL-deve loped 
RRL-developed 

LL-developed 
RRL-developed 

RRL-developed 

RRL-developed 

RRL-developed 

RRL-developed 


(all antennas for the above were RRL-developed) 

Search receivers were widely used aboard U. S. submarines, where their use¬ 
fulness was immediately recognized. (The first such submarine installation was 
made as early as August, 1943.) In addition to spotting and locating enemy shore- 
based radars, our submarines were often enabled by means of their intercept re¬ 
ceivers to search out the Japanese shipping which was their primary prey. Later 
on in the war, both Japanese escort vessels and submarines began to be equipped 
with radar, most of it a low-frequency portable air-warning set. These radars were 
not very useful against surface targets, yet could easily be intercepted. During one 
patrol, the U. S. S. Batfish earned a citation for sinking three enemy subs, all of 
which were not only detected by means of a search receiver, but also located by the 
same set, using the directional pattern of the intercept antenna. 

U S sub mar ines were thus enabled to avoid Japanese air attack by Japanese 
radar-equipped patrol planes. By listening to the Japanese transmissions, our sub¬ 
marines could tell when they had bet*, detected. If a previously wavering signal 
should steady down and grow louder, it was time to dive. 


The Navy made further use of RCM in the Pacific during invasions such as those 
at two lima and Okinawa. According to a carefully worked out plan, landing craft 
and support vessels were equipped with jammers (moft of them AN/ARQ-5, AN/APQ 
2, AN/APT-1, etc.) with which to knock out enemy shore-based or airborne radars. 


U S surface ships, like submarines, were able to avoid Japanese air attaek by 
using search receivers. Japanese -radar-equipped aircraft, which put in their ap¬ 
pearance during 1944, became a much more serious threat after the introduction at 
Kamikaze tactics. Although radar-equipped planes themselves were seldom used 
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for suicide attacks, it not infrequently occurred that the radar-equipped planes led 
others in. Moreover, these "snooper* planes were fond of shadowing our carrier 
task forces at night - staying as far out of range as possible - yet able to give radio 
instructions to planes parttcipatingln aajfftack. 

By means of their search receivers, our ships could detect the approach of 
snoopers well before U. S. Fleet radar operators spotted a "bogey* on their screens. 

As directional antennas became available to the Fleet, it was found possible to de¬ 
termine the direction from which enemy radar signals came, and even to dispatch 
an intercepting fighter in the proper direction to make an interception before the 
enemy plane itself had been discovered by radar. 

The importance of this application of RCM very greatly increased the Navy's 
interest in the RRL-developed rotating-reflector direction finder (DBM). Fifty of 
these in all were crash-produced by the Laboratory for the Bureau of Ships, for 
installation on such key Fleet units such as Amphibious Command Ships (AGC's). 

As might be expected, Japanese radar-equipped planes were not left unmolested 
when they participated in attacks on our ships. Whenever they approached, they 
found themselves jammed, either by RRL-developed airborne jammers modified 
for the purpose, or by the more powerful TDY’s. The reaction in these cases was 
extremely satisfactory; when their radar failed them, the Japanese pilots simply 
broke off the attack. 

Toward the latter part of the war, persistent reports of Japanese S-band sur¬ 
face-search radar came to hand. This was finally verified, in the spring of 1945, 
by the recovery of one of these radars from a Japanese cruiser sunk late in 1944 
during an action in the Philippines. To meet this potential threat (for the Japanese 
S-band radar was found to be of crude design and low performance) the Navy rushed 
to completion a modification of the TDY shipboard jammer, making it possible to 
operate this equipment at 10 Cm. The tubes used^in this development were magnetrons, 
the development of which had been stimulated by RRL’s airborne 10 Cm equipment, 
the AN/APQ-20. The modified TDY’s were Installed aboard a few battleships and 
cruisers. 

Antennas for these units, as well as all the other antennas of the TDY series, 
were designed by RRL under an arrangement whereby the leader of the RRL antenna 
group acted as informal consultant to the Bureau of Ships on antenna problems of / 
every sort. 

In addition to carrying out extensive search work, the Army Air Forces in the 
Pacific theater used offensive countermeasures later on as well; for example, 
mine-laying flights into Manila Bay were protected by both Window and electronic 
jamming. The 11th and 13th Air Forces, attacking the relatively heavily defended 
island of Formosa, were the first to begin systematic jamming of searchlight-coo - 
trol and anti-aircraft fire-control radars around the middle of 1944. 

Our very heavy bombers, the B-29's, had been prepared for an RCM war from 
the very start. When the 73rd Wing was sent out to its bases in India and China in 
early 1944, the expedition was accompanied by two RRL technical observers who 
had the job of making sure that the generous supplies of countermeasures equip¬ 
ments supplied with these planes saw the most effective use. In view of the long 
supply route, the B-29’s were given jammers as well as search receivers, in case 
the former should ever be needed. Flying from bases in India, these planes located 
a number of enemy equipments in Burma, China, and Japar proper. However, antl- 
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Figure 70. Gas tube noise modulator - more effective and simpler than its 

predecessor 






aircraft opposition was then slight, and since it was never possible to demonstrate 
the connection between enemy radar activity and accurate flak, no jamming wan 
undertaken at the time. 

One of the important RCM events in the Pacific war was the first 
the 73rd Wing over the Japanese home islands in June, 1944. toterceij *2**^ i* 
during these missions showed that only those Japanese radars already observed in 
outlying regions, such as the Southwest Pacific Areas, would be 
Japan itself. True, there were more radars in Japan, but the fact that np new 
were found refuted a frequently-expressed view teat fte Japanesewwre 
their best radar for the defense of their homeland. The countermeasures picture 

was thus greatly clarified. 

Active Jamming of enemy radars by the B-29's did not begin until the 20th 
Bomber Command was operating out of its bases in the Mariannas 
1944 an all-out jamming program was undertaken by these planes to aeutralixe 
!he Japanese“u-.lrcr.nV?control radar being■»■»*'* 
over the home Islands. Rope ms used very extensively an well “d"*? "J*. 
the war, the operational plan called for the carrying of 720 
of this countermeasure in each aircraft. In general. Window and electronic jam 
ming were employed in the same way as in the European theater. 

The B-29 's were fortunate, compared to the heavy bombers in Europe. that 
each plane left the U. S. equipped with Group A parts for the standard RCM equip- 
mcnm^nvcrters, power id clemm chics, snd jntcnn. twrm mr, ^rc^ln- 
stailed. Thus It ms . simple matter to equip *** 

The davlieht squadrons of 11 planes carried one AN/APT-1 or AN/APQ * 1 

to cover the 200 Me band. In addition, two spot jamming 

operators (each controlling three jammers) were to be carried in 
hZ the shortage of receivers permitted it. The Japanese 78 Me gun-Uying band 
was to have been barraged with seven AN/ARQ-8 jammers per squadron of eleven 
^tuis; USU.U, h^ve? no more thru, on. or two ol «^eUU^«cms,v^- 
able to each squadron. Some power amplifiers were used with the AN/ARQ 8 », 
and like the basic equipment itself, many more were on order. 

Since the B-29’s operated both day and night, it was found thatthetwo methods 
of operation called for two different RCM procedures. During the d *J u “ e » 

Jtac eel* out barege ml spot operation. whereby 
made self-protecting. At night, the problem of protecting each 
called for a different solution, and at the end of the war, plans were go8 • 

fcXXKm operational use ol what cm. to .to"*** 
nlanes which were B-29’s fitted out with a large number of jamming transmitters 
X? necessary anlennc. It m» pUnned that torn ol ^Xtb. 

would orbit in the vicinity of the target grea, outof range „ 

beamwidth of the wide-beam Japanese radars. The Porcupines would then Jam 

any enemy radars which might come on. 

Each of the interim •Porcupines' actually used carried six to fourteen trans¬ 
mitters- olans for the final version called for eight 200 Me barrage jammers, flva 
?B Me barrage jammers, and two spot jamming operators for ^e 2(» Mc band. In 
msMittnn it seemed likely that amplifiers would have to be carried. About two 

«H>4 c •«. «r. to be duped Irom tb. -PoreupUc’. 

B-24 Ferret planes, operating from Guam in support of the Mariannas-based 
B- 29 'g had an important assignment at the end of the war. Their ter'' was to map 
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the radars on the Nanpo Shoto chain of islands which extended from !wo Jlma to 
Tokyo Bay. For ease in navigation, these islands were followed by the B- 29 strikes 
on their way north, and their early warning radars were earmarked for destruction 
by bombing and strafing. By the end of the war, the Ferrets had succeeded in radar- 
mapping this entire chain of islands, and radar-“busting” was to begin as soon as 
the sites had been photographed by photoreconnaissance planes, 

A good idea of the magnitude of the Army Air Forces countermeasures program 
can be gained from the following tabulation of shipments of RRL-developed equip¬ 
ment to the four theaters which were the largest consumers thereof: 

ARMY AIR FORCES 

OVERSEAS SHIPMENTS OF RCM EQUIPMENT TO FEB. 1, 1945 




(not including Window) 



Unit 

5th and 13th AF 

v > 

ETO 

"'^iCiTO 

B-29's 

TOTAL 


SWPA Burma 





AM-14 

80 

202 

310 

- ■ a 

592 

AM-18 

80 

182 

310 


572 

AM-3S 


50 

250 


300 

APA-17 

3 

5 

3 


11 

A PA-23 





139 

APA-24 

12 

12 

8 

16 

48 

APQ-2 

2 

500 

210 

171 

883 

APQ-9 

2 over 10,000* 

3700 


13,702+ 

APT-1 

133 

400 

310 

591 

1,434 

APT-2 

11 

3,426 

982 

569 

4,988 

APT-3 

64 

274 

46 


384 

APT-5 


329 

293 

396 

1,018 

APR-1 


15 

110 


125 

APR-2 

35 

10 

8 


53 

APR-4 

36 

621* 

150 

129 

936 

APR-5A 

54 

27 

25 

70 

176 

APR-7A 


20 

7 

12 

39 

APQ-8 

25 

20 

5 

24 

74 

TOTAL 

537 

16,093+ 

6,727 

1,978 

25,335+ 


'Includes February shipments. 
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Figure 71. Noise jamming as it appears on a typical 
radar “A* scope 
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Figure 72. Antenna research In progress on the RRL roof 
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Vm. EVALUATION OF ROM 


It can be said the Allies' use of radar countermeasures In this war was strik¬ 
ingly successful. For it is certain that our enemies got far less use out of their 
radars than did the Allies. United States jamming of enemy radar saved thousands 
of lives, hundreds of planes, and perhaps even ships. By deceiving enemy radars, 
as was done shortly before and during invasions, U. S. forces not only concealed 
our intentions but also, in some instances, made enemy radar something which is 
worse than useless; namely, a source of misleading information. By interceding 
ene-ny radar signals, our forces obtained warning of impending attack, and made 
German and Japanese radars useful to us rather than to our enemies. 

It is plain that due to our countermeasures, the enemy got little out of radar, 
whereas we got the most out of it. The enemy was, in many instances, afraid to 
turn on his equipment for fear it would give him away (as was the case with German 
submarines and Japanese search planes). Yet our radar blind-bombing operation 
against Germany was virtually unopposed from the countermeasures point of view, 
although experience at RRL showed that S-band radar can be jammed! 

The success of our own use of radar depended, in no small measure, on the 
enemy's inability to bring countermeasures to bear. For it is surprising that the 
enemy did not do a better countermeasures job, particularly during those periods 
when the Albes were the most vulnerable, i.e. - in 1940-1942. 

The Germans and Japanese ended the war with very little enthusiasm for radar. 

It is no wonder that some Germans told our interrogators that 'Flak is an outmoded 
weapon!” 

It is remarkable to think that RCM, which was virtually unheard of by the U. 5. 
forces at the time of Pearl Harbor, was practically a household word by the end of 
the war. Every Naval vessel, from submarines and destroyer escorts on upward, 
carried its share of countermeasures equipment. Moreover, countermeasures 
gear was a standard part of the equipment of every bomber, and radar counter- 
measures was an established activity in the strategic air forces. 

It is interesting to examine the reasons why our countermeasures effort was 
so successful. For it succeeded even though experience showed the impracticability 
of saving up countermeasures to spring them all at once on the enemy, as was once 
the plan. In most every case in World War H, countermeasures were used in small 
quantities against the enemy before any large-scale effort was made. It proved to 
be necessary, in most instances, to give new developments an operational trial in 
order to win support for the effort required for their wholesale introduction. Thus 
it was the successful operational use of 70 Carp' jammers in October, 1942, that 
caused the 8th Air Force to support a program involving the installation of thousands 
of equipments - each weighing roughly 100 pounds - in operational aircraft. 

The gradual introduction of our countermeasures had, in the case of the Germans, 
a definite value in that it pinned their scientists down to a program of anti-jamming 
in order to save the enormous Wurzburg radar investment. Had our jamming blitz 
started out at full speed, the Germans might well have gives up any hope of saving 
this investment and might have bent their efforts in other, more fruitful directions, 
such as the development of microwave radar. 
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One of the remarkable circumstances about countermeasures is the fact that 
they were not very clearly foreseen. Both the Allies and the Germans made the 
same mistake of having most of their radar concentrated in narrow frequency 
ranges at the start. Compared to the Germans, however, the Allies were relatively 
quick and aggressive in making up for this initial oversight. However, as late as 
1942, the British estimated that roughly six enemy planes, each carrying a small . 
number of jammers, could have put over 70% of the British radar out of action. 

To show that we too made the same mistake, the following example is cited. As 
late as 1943, the radars of the Army's air defense training installations in Florida 
were all concentrated in such narrow frequency ranges that they were knocked out 
by only three planes carrying two jammers each during the course of a demonstra¬ 
tion! Moreover, even later in the war, U. S. radar magnetron designers JulA 
standardized their designs, manufacturing tolerances, etc. to the poinfwhere U. S. 
microwave radars of a given type were, in some instances, all to be found within 
a frequency band of plus or minus 15 Me. 

At the start of the war, the German Wurzburg radars were all concentrated in 
a frequency band roughly 10 megacycles wide - a perfect target for countermeasures. 
Moreover, the German's choice of an operating frequency happened to be a rel¬ 
atively fortunate one from the standpoint of RCM. Although the Germans had pushed 
their radars up to the highest frequency at which conventional triode tubes and 
techniques could be made to function successfully, it was possible for the U. S. to 
start out with Wurzburg jamming transmitters utilizing tubes which were already 
in production prior to the war. Moreover, this same frequency happened to be one 
at which Window - or rather Chaff - is very efficient. 

However, the biggest reason for the success of United States countermeasures 
was the aggressiveness with which we applied them. Developments carried out 
during the war made it possible to increase the power output of jammers for the 
Wurzburg frequency range from 5 to 150 watts. Moreover, U. S. forces had at 
their disposal by the end of the war, completed jammer developments which would 
have given our planes satisfactory jamming coverage up to frequencies approximately 
five times those actually used by operational German anti-aircraft radars. Had 
the Germans moved even up into the microwave region, we would have been pre¬ 
pared for them. An important reason for the success of RRL was its good 
not only with the purchasers of RCM equipment, but also with the ultimate users, 
in view of the long delay between the development of a device and its introduction 
in the field on a wide scale. By working informally with all those concerned with 
the program, RRL found it possible to expedite many mutual agreements and im¬ 
portant decisions. 

Another large factor in the success of the program was the fact that RRL was 
willing to make engineering decisions on the basis of what in ordinary practice 
would be considered insufficient information. The important thing was that de¬ 
cisions were made. Only in this way, could we always keep one step ahead of the 
enemy. For example, the fishhook antenna was designed and ready before any 
definite intelligence information existed on the German anti-jamming development 
based on our use of a vertically-polarised stub. 

Moreover, once a decision had been made, the Laboratory stuck to it, and pro¬ 
vided the necessary follow-through. Its responsibility for a development did not 
cease after that development left the Laboratory, but extended all the way through 
to the analysis and evaluation of its operation in the field. 


CONFIDENTIAL 



CONFIDENTIAL 


411-299 








FREQUENCY IN MEGACYCLES 

FIG. I MAXIMUM POWER LEVELS RESULTING 
FROM THE DEVELOPMENT PROGRAM 
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The fact that RRL was a central activity in its field, made for fast action. T!:* 
Laboratory was able to serve as a clearing house for information of all kinds, keep¬ 
ing those concerned abreast of developments both technical and tactical in the ROM 
program. Only nine months after the recruiting of personnel and the ordering of 
equipment had begun, three important developments were already in the hands of 
the manufacturer. 

The most striking result of the war-time experience with radar countermeasures 
is the fact that it has obsoleted a whole class of radars. It is certain the reliance 
will never again be placed on a standardized chain of low-frequency radars which, 
as the Germans have seen, can be jammed on a systematic basis. 

It is likely, therefore, that there will be fewer opportunities tor syste; 
radar jamming in the future. Moreover, the trend in the direction of 
equipment complicates the radar jamming problem to a considerable extent. Higher 
beam power, narrower beams, shorter pulse lengths, as well as the greater number 
of frequency channels in which they may operate, make microwave radars more 
difficult to jam. In the case of Naval vessels, the present tendency fo carry more 
and more radars will still further complicate the jamming problem. Since some 
carriers and battleships already have as many as 20 different radar sets aboard, 
it can be seen that the task of knocking out each one of these radars will be very 
difficult; it will not be easy even to jam those sets which might be used for main 
battery fire-control! In the case of aircraft, space and weight limitations have al¬ 
ready placed a limit on the number of jammers which can be carried. 

Counterbalancing these factors, however, are the following considerations. If 
the enemy has only a few anti-aircraft radars operating in a given area, it will al¬ 
ways be possible for an operator in an airplane to spot jam the radar which happens 
at the moment to be the most dangerous to him. RCM has therefore complicated 
the radar problem to the extent that it will be necessary to use more radars - an 
differing frequencies - for each tactical application. While it may be said that this 
war has ended the honeymoon of radar countermeasures, it is also true that RCM 
has made radar a more expensive proposition. 

One phase of radar countermeasures will always be important - and that is 
radar investigation or reconnaissa »ce work. It will always be desirable to find out 
how much radar the enemy has, w’-'re he has deployed it, and how he is using it. 
Knowing the location of a radar, is often very nearly as valuable as being able to 
jam it. The search phase of courtermeasures will always have importance even 
in cases where the jamming phase does no*. 


It is important to realize, from the standpoint of future radar planning, that it 
is imperative for us to spread our radar frequencies, if there is to be any security 
against countermeasures. The experience of this war has shown that it is perfectly 
possible to jam microwave radars efficiently, provided these are operating within 
a relatively narrow frequency range. We cannot afford to be complacent about our 
radar defenses, unless their operating frequencies are widely spread and are not 
standardised In particular bands as has been done in the past. The success of our 
radar-aided blind-bombing campaign, for example, was dependent on the fact that 
it was essentially unopposed • from the countermeasures point of view - a circum¬ 
stance which cannot be relied upon to recur! 
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or rhl- developed t q p xwrr 


rrl 

Project 

Servleo 




3 iflHI■ 


Brief 

Descriptive 

Title 

(i) 

* 1 - 

.Ter- 

lee 

Co»t 

Del- ^ 
lwer- 
lil_ 


Total 

Qrt»r» _ 

Y»l« _ 

a P* 

F-J903 


Dipole* end Corner Refleetoi 
175-550 Me 

20 , 


m 

m 


8 

P-4701 


Dipolee end Corner Refleetoi 
350-1700 Me 



MR 

28,*00 

180 

*e.609 

J-30J 

AS-33 

Thick Stub *60-775 Me 




583.097 

39.715 

715.976 

J303 

m-313 

AS-132 

AT-36/aPT 

Thick Stub *60-775 Me 




201.071 


256.96* 

164" Thick Stub with Mount¬ 
ing Plete 150-220 Me 



■ 

HR 

i?.T«7, _ 

*0} r 196 

m-313 


224" Thick Stub with Mount- 
In* Plete 113-150 He 




288,278 

20.971 

*8*,000 

m-313 



■ 



608,872 


1.060.000 

M-313 

at-*i/apt 

16J" Thick Stub Mounted At 
*5 Degree* with Mount ISO- 
220 Me 

■ 


10*612 

HH 



M-313 

AT-*2/A?T 

22J" Thick Stub Mounted At 
*5 Degree* with Mount 113- 
150 Me 

■ 


11,798 

3 * 1,066 



M-313 

nm 

29" Thick Stub Mounted At 
*5 Degree* with Mount 93- 
113 Me 

■ 



363.679 



M-313 


164“ Thick Stub 150-220 Me 



R53 

■ALU 

*.292 

67.178 

M-313 


224" Thick Stub 113-150 Me 



2,170 

38 . 36 * 

*,292 

73.1** 

M-313 


29" Thick Stub 93-113 Me 



R53 

* 7.122 

*.29* 


M-318 

AT-11*/APT 

Thick Stub with Connector 
for R0-1*/D 150-220 He 



1.628 

IMS 



M-801 

AS-25/APB - 

30" Anteuve 90-*20 Me 




HJE9 

I 


M-B01 


Con* *20-1000 Me 



1 1.6*3 


- 

60.70* 

M-801 

M-801 



■ 


m 

BRH 

KBS 






m 


*.62* 

6**.000 

M-801 

i>uu.MlW 

Stub with lelf around Plan* 
90-300 Me 



2.06* 


*.020 

^990. 

M-801 

11-1*9 

Stub 90-*20 Me 


■ 

IB?* 

i*s» 



N-801 

AM-150 

Cee* *20-1000 Me 



Li* 

31.350 




•Bated On Transition Department Final Report - l*-l-*5 

(1) Ikli eelwi indicate* Uw nuUbtr of unit* prorlM for the service* with troarfor of tvadm 
tram Service* to RXBC. 
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UNCLASSIFIED 


Atmanx a 

somkart or ntooocnoi 
or tua-sevELors) zQoznaanra* 

Airaoui 




9^ 

RRL 

frojeet 
_ Ro. 




11-2802 | CU-43/aTT 




I Conversion Unit for H-280* 


Shlpborno Dipole 345-6OO He 



CAK2-66/AJM 

Shlpborne Dlpol« 175*350 He 

Caez- 66 /aSJ 

Shlpborne Dipole 85-175 He 

CAKZ-66/AXL 

cakz- 66 /ajt 

Shlpborne Dipole 145-275 He 

caxz- 66 /axm 

CAFR-66/AJX 

Shlpborno Dipole 265-530 He 

CAKZ-66 /aJT 

catr- 66 /alt 

Shlpborno Dipole 435-820 Me 

■ESMSa! 

Shlpborno Dipole 790-1410 He 



Shlpborno Dipole 88-174 Re 


Shlpborne Dipole 145-310 Me 


Test Oscillator for N-3000 


Teet Unit for EM 


Circularly rolarlted Horn 
and Reflector 2500-3750 He 


Broadband ins Tranaaittlng 
9-Band Cone Antenna 


Filter for CAflM 


*a| 173,050) 1,421 1 573,050 


1,400 651,500 


1,360 490,000 


400,000 


1.000 400,000 


*6*1 75,*13l_*86 79,000 


1,139 27*,3i8 


285 570,000 




2,5ta 

*5,ooo 

31*.*91 

12,67*,060 


•Bated on Transition Departaent Final Report - 12*1-45 

(1) This eoluan Indicates the master of units provided for the Bereloee vith transfer of finds 
froa Services to H1RC, 


UNCLASSIFIED 


*9 9 















































































UNCLASSIFIED 




AmflSXX a *11-299 

SUMMARY OR fRODOCTIO* 

OF RRL-EEVELOraS EQDIFMHBT9* 


DIRECTIOB FXBDUKJ EQOIPKEK? 


m 


Brlof 

Descriptive 

Tltls 



'!*• M 4 > .Mi, 

(1) 

Jel- 

l»er- 

Les 

■ 

Iffia 

M 


!■ 

C-210CB 


Dlrsotlon Finder 350-100 Me 


* 

200 



* 

C-210Q5 


Directlan Finder 100-750 Me 



310 

358.000 

49* 

550.678 

C-21000 

ibmm. 

Direction Finder 60-750 Me 



SO 

52.000 


395.000 

C-2110 

A3-2S2 

Heed for ARAFAT 

100-165 Me 

3 

675 

300 

32.213 

1.300 

118.563 

C-2116 


Bead for ar/aFA-24 

165-275 Me 

) 

800 





M-2300 


Direction Finder 300-1000 Me 

H 

era 



MM 


M-2600 

CXQA 

Shlpborne Direction Finding 
System 300-1000 Me 

25 

154.157 

5 


m 


M-JOOO 

AM/AFA-17 


■ 

|| 

RH 


8 


M-4100 

CBM 


25 

212,500 

300 

m 

500 

5.699.800 

K-*502 


Microwave Direction Finding 
Antenna Bead for M-2300 
1000-5000 Me 

H 

■ 

■ 


■ 


M-6S00 

AS-222/AFA- 

17 

Low Frequency Bi-Directional 
Direction Finding Antenna 
Assembly for AJl/AFA-17, 
70-200 Me 

! 

25 

25.000 

■ 


525 

*50,000 

M-*504 

AS-186/AFA- 

17 

Microwave Direction Finding 
Antenna Bead for AB/AFA-17 
1000-5000 Me 

U 

15,950 

1,014 

362,816 

HKH 

428.000 

M-6400 

A9-108B/ 

APA-17 

Airborne Direction Finding 
Bead 135-2100 Me 



241 

_39.819 


272.000 



Totals 

H 

*67.5*6 

3.880 

£ 

& 

• 

QO 

7.802 

HUM 


•B*m 4 oa Transition Department Final Rap art - 12-l-*5 

(1) This eolusn Indicates ths number of units provided for tbs Sarrleas with transfer at funds 
fro* Services to KKC. 
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I • 


UNCLASSIFIED 






































































































































CLASSIFIED 


APPEIPXX A 

somaki or prodoctioh 
or RRL-DEYELOPED EQUIPMENTS* 

Ajrn-JAJocwo devices 


*11-299 





E-1300 ! Ts-109/sPA 


Brief 

Description 


Plug-In Blgb-P**s Video 
filter for Hark III and 
IV Radar 


Very High-Pa** Amplified 
Video filter for Hark in 
and IV and SCR-296* 


Interference Generator 
AJ Trainer) 



APPERDIX A 

sowwnt or production 
OP RRL-DEVELOPED EQUIPMENTS* 






RRL 

Project Service 
Ho. Nomenclature 


Brief 

Descriptive 

Title 



0-1107 


0-502 OCA-3 


0-503 0CA-2 



Double Tape Strl 


ter Dispenser 


12* Chaff Cuter 


18" Chaff Cutter 


Paper Baeked Bent Chaff 
3*7-*OK Me 


Embossed Bent Chaff 
20-600 Me 


Paper Backed Bent Chaff 
770 Me 


Paper Backed Beat Chaff 
2700-3*00 He 


Paper Backed Bent Chaff 
Taped 2700-3*00 Me 



•Based on Transition Department Pinal Report - 12-1-45 

(1) This column indicates the cumber of units provided for the Services vlth transfsr of funds 
from Services to me, 


UNCLASSIFIED 


























































UNCLASSIFIED 


*11-299 


1JU, 

Project 

Mo. 


0-500 


0-500 


0-500 CHA-28 


APmrozz k 

SUMMARY OP PHODOCTIOM 
or RML-nEVELOPEB EQDIPMEBTS* 

VIMBOH 



Brief 

Descriptive 



piper Becked Beat Cheff 
8700-5*00 Me_ 


Enboised Beat Chaff 
20-600 Me _ 


Paper Backed Beat Chaff 
*50-600 Me__ 


Enboised Beat Chaff 
*50-600 Me_ 


Embossed Beat Chaff- 
Taped *50-600 Me 


Paper Backed Flat Chaff 
110-116 



167.007 

161,800 

2,*60,000 

*,815,000 



6.000 I 2*j9*?i*®5 


•Based oa Traaeltloa Department Final Report - 12-i-*5 

(1) This column Indicates the number of unite provided for the Services with transfer of funds 
froa Services to JTCRC. 


UNCLASSIFIED 



































